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TITLE: METHODS AND SYSTEMS FOR SEMICONDUCTOR FABRICATION PROCESSES 
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BACKGROUND OF THE INVENTION 



1. 



Field of the Invention 



This invention generally relates to methods and systems for^«niconductor fabrication processes. Certain 
embodiments relate to a method and a system for evaluating and/or controlling a semiconductor fabrication process 



Fabrication of semiconductor devices such as logic and memory devices typically includes a number of 
processes that may be used to form various features and multiple levels or layers of semiconductor devices on a 

1 5 surface of a semiconductor wafer or another appropriate substrate. For exan^le, lithography is a process that 
typically involves transfeiring a pattern to a resist arranged on a surface of a semiconductor wafer. Additional 
examples of semiconductor fabrication processes may include chemical-mechanical polishing, etch, deposition, ion 
in^lantation, plating, and cleaning. Semiconductor devices are significantiy smaller than a typical semiconductor 
wafer or substrate, and an array of semiconductor devices may be formed on a semiconductor wafer. After 

20 processing is complete, the semiconductor wafer noay be separated into mdividual semiconductor devices. 

Semiconductor fabrication processes, however, are among the most sophisticated and con^lex processes 
used in manufecturing. In order to perform efficientiy, semiconductor febrication processes may require frequent 
monitoring and carefiil evaluation. For exarcq)le, semiconductor fabrication processes may iatroduce a number of 
defects (e.g., non-muformities) into a semiconductor device. As an example, defects may include contamination 

25 introduced to a wafer during a semiconductor &brication process by particles in process chemicals and/or in a clean 
room environment Such defecte may adversely affect the performance of the process to an extent that overall yield 
of the fabrication process may be reduced below acceptable levels. Therefore, extensive monitoring and evahiation 
of semiconductor fabrication processes may typically be performed to ensure that the process is within design 
tolerance and to mcrease the overall yield of the process. Ideally, extensive monitoring and evaluation of the 

30 process may take place both during process development and during process control of semiconductor fabrication 



As features sizes of semiconductor devices continue to shrink, a noinimum feature size that may be 
fabricated may often be limited by the perfomiance characteristics of a semiconductor &brication process. 
Exanoples of perfonnance characteristics of a semiconductor fabrication process include, but are not limited to, 
35 resolution capability, across chip variations, and across wafer variations. In optical lithography, for example, 

perfonnance characteristics such as resolution capability of a lithography process may be limited by the quality of 
the resist application, the performance of the resist material, the performance of tiie exposure tool, and the 
wavelength of light used to expose the resist The ability to resolve a TniuiTnuTn feature size, however, may also be 
strongly dependent on other critical parameters of the lithography process such as a temperature of a post exposure 



10 by determming at least two properties of a specimen. 



2. 



Description of the Related Art 



processes. 



1 
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bake process and an exposure dose of an exposure process. As such, controlling the parameters of processes tiiat 
may be critical to the resolution capability of a semiconductor febrication process such as a lithography process is 
becoming increasingly important to the successful fabrication of semiconductor devices. 

As the dimensions of semiconductor devices continue to shrink*witli advances in semiconductor materials 
5 and processes^ the ability to examine microscopic features and to detect microscopic defects has also become 
increasingly important to die successful fabrication of semiconductor devices. Significant reseatch has been 
focused on increasing the resolution limit of metrology and/or inspection tools used to examine microscopic 
features and defects* There are several disadvantages, however, in using the cuirenfly available methods and 
systems for metrology and/or inspection of specimens fabricated by semiconductor fabrication processes. For 

1 0 example, multiple stand-alone metrology/inspection systems may be used for metrology and/or inspection of 

specimens fabricated by such processes. As used herein, "stand-alone metrology/inspection system" may generally 
refer a system diat is not coupled to a process tool and is operated independently of any other process tools and/or 
metrology/inspection systems. Multiple metrology/inspection systems, however, may occupy a relatively large 
amount of clean room sfpace due to the footprints of each of the metrology and/or inspection systems. 

15 in addition, testing time and process delays associated witii measuring and/or inspecting a specimen with 

multq>le metrology/inspection systems may increase the overall cost of manufacturing and the manufacturing time 
for £abricating a semiconductor device. For exmple, process tools may often be idle while metrology and/or 
inspection of a specimen is performed such that the process may be evaluated before additional specimens are 
processed thereby increasing manufacturing delays. Furthermore, if processing problems can not be detected 

20 before additional wafers have been processed, wafers processed during this time may need to be scrapped, which 
increases the overall cost of nMnufacturing. Additionally, buying multiple metrology/inspection systems increases 
the cost of fabrication. 

In an additional exan^le, for in situ metrology and/or inspection using muhqple currently available 
systems, determining a characteristic of a specimen during a process may be difficult if not impossible. For 

25 example, measuring and/or inspecting a specimen with mult^le currently available systems during a lithography 
process may introduce a delay time between or after process steps of the process. If the delay time is relatively 
long, the performance of the resist may be adversely affected, and the overall yield of semiconductor devices may 
be reduced. As such, there may also be limitations on process enhancement, control, and yield of semiconductor 
fabrication processes due to the limitations associated with metrology and/or inspection using multiple currently 

30 available systems. Process enhancement, control, and yield may also be limited by an increased potential for 

contamination associated with metrology and/or inspection using multiple currently available metrology/inspection 
systems. In addition, there may be practical limits to using multiple metrology/inspection systems in 
semiconductor manufacturing processes. In an example, for in situ metrology and/or inspection using multiple 
currently available systems, integrating multiple metrology/inspection systems into a process tool or a cluster tool 

3 5 may be difQcult due to Hie availability of space within the tool. 

SUMMARY OF THE INVENTION 
An embodunent relates to a system that may be configured to determine at least two properties of a 
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specimen. The system may include a stage configured to support the specimen. The system may also include a 
measurement device coupled to the stage. The measurement device may include an illumination system configured 
to direct energy toward a surface of ^e specimen. The measurement device may also include a detection system 
coupled to the illumination systena. The detection system may be configured to detect energy propagating from the 
5 surface of the specimen. The measurement device may also be configured to generate one or more output signals in 
response to die detected eneigy. The system may also include a processor coupled to the measurement device. The 
processor may be configured to determine at least a first property and a second property of the specimen from &e 
one or more output signals. 

In an embodiment, the first property may include a critical dimension of the specimen. The second 

1 0 property may include overlay misregistration of (he specimen. In addition, th.e processor may he configured to 
determine a third and/or a fourth property of the specimen fi-om the one or more output signals. For example, a 
third property of the specimen may include a presence of defects on the specimen, and the fourtii property of the 
specimen may include a fiatness measurement of die specimen. In an embodiment, the measurement device may 
include a non-imaging scatterometer, a scatterometer, a spectroscopic scatterometer, arefiectometer, a 

1 5 spectroscopic refiectometer, an ellipsometer, a spectroscopic ellq)someter, a bright field imaging device, a dark 
field imaging device, a bright field and dark field imaging device^ a bright field non-imaging device, a dark field 
non-imaging device, a bright field and dark field non-imaging device, a coherence probe microscope, an 
interference microscope, an optical profilometer, or any combination thereof, in this manner, the measurement 
device may be configured to function as a single measurement device or as multiple measurement devices. 

20 Because multiple measurement devices may be integrated into a single measurement device of the system, optical 
elements of a first measurement device, for example, may also be optical elements of a second measurement 
device. 

In an embodiment^ the processor may include a local processor coupled to the measurement device and/or 
a remote controller computer coupled to the local processor. The local processor may be configuied to at least 

25 partially process the one or more output signals. The remote controller computer may be configured to receive the 
at least partially processed one or more output signals from the local processor. In addition, the remote controller 
computer may be configured to determine at least the first property and die second property of the spechnen from 
the at least partially processed one or more output signals. Furthermore, the remote controller computer may be 
configured to detennine the third property and/or the fourth property of the specimen from the at least partially 

30 processed one or more output signals. In an additional embodiment, the remote controller computer may be 

coupled to a process tool such as a semiconductor fabrication process tool. In this manner, the remote controller 
computer may be fiirthca* configured to alter a parameter of one or more instmments coupled to the semiconductor 
fribrication process tool in response to at least Hie detemiined first or second property of the specunen usmg an m 
situ control technique, a feedback control technique, or a feedforward control technique. 

35 An additional embodiment relates to a method for detecmining at least two properties of a specimen. The 

method may inchide disposing a specimen upon a stage. The stage may be coupled to a measurement device. The 
measurement device may include an illumination system and a detection system. In addition, the method may 
include directing energy toward a surface of the specimen. The method may also include detecting energy 
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propagating from tbe surface of the specimen. The method may further include generating one or more output 
signals in response to the detected energy. Furthermore, the method may include processing tiie one or more output 
signals to determine at least a first property and a second property of the specimen. 

In an embodiment, the first property may include a critical dinaension of tlie specimen. The second 
S property may include overlay misregistration of the specimen, Jn addition, tiie mB&od may further include 
processing the one or more output signals to detennine a third and/or a fourth property of the specimen. For 
exan^le, a third and a foiuth property of the specimen may include a presence of defects on the specimen and a 
flatness measurement of the specimen. In an additional onbodiment; a semiconductor device may be fabricated by 
the mefliod. For example, the mediod may include foimii:^ a portion of a semiconductor device upon the 
10 specimen. 

In an embodiment, processing the one or more output signals to determine at least a first property and a 
second property of the specimen may include at least partially processing ^e one or more output signals using a 
local processor. The local processor may be coupled to the measurement device. Processizig the one or more 
ou^ut signals may also include sending the partially processed one or more ou^ut signals firom the local processor 

15 to a remote controller computer. In addition, processing the one or more output signals may include fiirther 
processing the partially processed one or more output signals using the remote controller conqiuter. In an 
additional embodiment, tiie remote controller computer may be coupled to a process tool such as a s^conductor 
fabrication process tool In this manner, the method may iaclude altering a parameter of one or more instruments 
coupled to the process tool using the remote controller computer in response to at least the detemiined first or 

20 second property of the specimen. Altering the parameter of the instruments may include using an in situ control 
technique, a feedback control technique, or a feedforward control technique. 

Additional embodiments relate to a computer-implemented method for controUmg a system configured to 
determine at least two properties of a specimen. The system may inchide a measurement device. In this manner, 
controlling the system may inchide controlling tiie measurement device, in addition, the measurement device may 

25 include an illumination system and a detection system. The measurement device may also be coiJ5)led to a stage. 
Controlling the measurement device may include controlling the illumination system to direct energy toward a 
surface of the specimen. Additionally, controlling the measurement device may include controlling the detection 
system to detect energy propagating from the surface of the specimen, TTie method may further include generating 
one or more output signals in response to lire detected energy. The computer-implemented method may further 

30 include processing the one or more output signals to determine at least a first property and a second property of the 
specimen. For exanq)le, the first property inay iaclude a critical dimerision of the specimen. Furthermore, the 
second property may hiclude overlay misregistration of the specimen. The computer-implemented method mscy 
also include processing the one or n:iore output signals to determine a thud and/or fourth properties of the specimen. 
In an example, the third and fourth properties of the specimen may mclude a presence of defects on the specimen 

3 5 and a flatness measurement of the specimen. 

An embodiment relates to a system configured to determine at least two properties of a specimen. The 
system may include a stage configured to support the specimen. The system may also include a measurement 
device coupled to tbe stage. The measurement device may include an illumiaation system configured to direct 
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energy toward a surface of the specimen. The laeasurement device may also include a detection system coupled to 
the illumination system. The detection system may be configured to detect energy propagating from the sur&ce of 
the specimen. The measurement device may also be configured to generate one or more output signals in response 
to Ihe detected energy. The system may also include a processor coupled to &e measurement device. The 
5 processor may be cozziigured to detemune at least a first property and a second property of the specimen £rom tiie 
one or more output signals. 

in an embodiment, the fbrst property may include a presence of defects on specimen. The second property 
may include a fhin film characteristic of the specimen. In addition, the processor may be configured to determine 
other properties of the specimen firom the one or more output signals. In an embodiment, the measurement device 

10 may include a non-imaging scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, a 

spectroscopic refiectometer, an eUipsometer, a spectroscopic ellipsometer, a beam profile ellipsometer, a bright 
field imaging device, a dark field imaging device, a bright field and dark field unaging device, a bright field non- 
imaging device, a dark field non-imaging device, a bright field and dark field non-imagmg device, a double dark 
field device, a dual beam spectrophotometer, a coherence probe microscope, an interference microscope, an optical 

1 S profilometer, or any combination thereof. In this manner, the measurement device may be configured to function 
as a single measurement device or as multiple measurement devices. Because multiple measurement devices may 
be integrated into a single measurement device of the system, optical elements of a first measurement device, for 
example, may also be optical elements of a second measurement device. 

In an embodiment, the processor may include a local processor coupled to the measurement device and a 

20 remote controller computer coupled to the local processor. The local processor may be configured to at least 

partially process the one or more output signals. The remote controller computer may be configured to receive the 
at least partially processed one or more output signals from the processor. In ad^tion, the remote controller 
conq)uter may be configured to deteimme at least the first property and fhe second property of the specimen fix)m 
the at least partially processed one or more output signals. Furttiermore, the remote controller computer may be 

25 configured to determine additional properties of the spechnen fit)m the at least partially processed one or more 

output signals. In an additional embodiment, the remote controller computer may be coupled to a process tool such 
as a semiconductor fabrication process tool. In this manner, the remote controller computer may be further 
configured to alter a parameter of one or more mstruments coupled to the process tool in response to at least the 
determined first or second property of the specimen using an in situ control technique, a feedback control 

30 technique, or a feedforward control technique. 

An additional embodiment relates to a method for determining at least two properties of a specimea The 
method may include disposing a specimen upon a stage. The stage may be coupled to a measurement device. The 
niieasurement device may include an illumination system and a detection system. In addition, the method may 
include directing energy toward a surface of the specimen. The method may also include detecting energy 

3 S propagating from the surface of the specimen. The method may further include generating one or more output 

signals in response to the detected energy. Furdiermore, the metiiod may include processing the one or more ou^ut 
signals to determine at least a first property and a second property of the specimen. 

In an embodiment, the first property may include a presence of defects on specimen. The second property 
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may include a thin filtn characteristic of the specimen. In addition, the processor may be configured to deteimine 
o&er properties of the specimen from fins one or more output signals. In an additional embodiment a 
semiconductor device may be fabricated by the metiiiod. For exan^le, the method may include forming a portion 
of a semiconductor device upon a specimen. 
S In an aosbodiment, processing the one or more output signals to determine at least a first property and a 

second property of the specimen may include at least partially processing the one or more ou^ut signals using a 
local processor. Hie local processor may be coupled to the measurement device. Processing the one or more 
output signals may also include sending the partially processed one or more output signals from the local processor 
to a remote controller computer. La addition, processing the one or more output'signals may include further 

10 processing the partially processed one or more output signals using the remote controller computer. In an 

additional embodiment, the remote controller computer may be coupled to a process tool such as a semiconductor 
fabrication process tool. In this manner, the method may include altering a parameter of one or more instruments 
coupled to the process tool using the remote controller computer in response to at least the determined first or 
second property of the specimen. Altering the parameter of the instruments may include using an in situ control 

1 5 technique, a feedback control technique, or a feedforward control technique. 

Additional embodiments relate to a conqniter-inq)lemented method for controlling a system configured to 
determine at least two properties of a specimen. The system may include a measurement device. In this manner, 
controlling the system may include controlling the measurement device. In addition, the measurement device may 
include an illumination system and a detection system. The measurement device may also be coupled to a stage. 

20 Controlling the measurement device may include controlling the illumination system to direct energy toward a 
surface of the specimen. Additionally, controlling the measurement device may include controlling the detection 
system to detect energy propagating from the sur&ce of the specimen. The method may also include generating 
one or more output signals in response to tiie detected energy. The computer-itiq>lemented method may further 
mclude processing the one or more output signals to determme at least a first property and a second property of the 

25 specimen. For exarz^le, the first property may include a presence of defects on specimen. The second propoiy 
may include a thin fihn characteristic of the specimen. In addition, die processor may be configured to determine 
other properties of the specimen from the one or more output signals. 

An embodiment relates to a system configured to determine at least two properties of a specimen. The 
system may include a stage configured to support the specimen. The system may also include a measurement 

30 device coupled to the stage. The measurement device may include an illumination system configured to direct 

energy toward a surface of the specimen. The measurement device may also include a detection system coupled to 
the illuimnation system. The detection system may be configured to detect energy propagating from the sur&ce of 
the specimen. The measurement device may also be configured to generate one or more output signals in response 
to the detected energy. The system may also include a processor coupled to the measurement device. Hie 

35 processor may be configured to detomine at least a first property and a second property of the specinasa from the 
one or more output signals. 

In an embodiment, the first property may include a presence of defects on specimen. The second property 
may include a critical dimension of the specimen. In addition, the processor may be configured to determine other 
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properties of the specimen from the one or more output signals. In an embodiment, the measurement device may 
include a non-imaging scatteiometer, a scatterometer, a spectroscopic scatterometer, a reflectomet^, a 
spectroscopic reflectometer» an elUpsometer, a spectroscopic ellipsometer, a bright field imaging device, a dark 
field imaging device, a bright field and dark field imaging device, a bright field non-imaging device, a dark field 
5 non-imaging device, a bright field and dark field non-imaging device, a coherence probe microscope, an 

interference microscope, an optical profilometer, or any combination thereof. In this manner, &e measurement 
device may be configured to function as a single measurement device or as mult^le measurement devices. 
Because multiple measurement devices may be integrated into a single measurement device of the system, optical 
elements of a first measurement device, for example, may also be optical elements of a second measurement 
10 device. 

In an embodiment, the processor may include a local processor coupled to the measurement device and a 
remote controller con:q)uter coupled to the local pix>cessor. The local processor may be configured to at least 
partially process the one or more output signals. The remote controller conqiuter may be configmied to receive the 
at least partially processed one or more output signals from the processor. In addition, the remote controller 

IS con^uter may be configured to detennine at least the first property and the second property of the specimen from 
the at least partially processed one or more output signals. Furthermore, the remote controller computer may be 
configured to determine additional properties of the specimen from ^e at least partially processed one or more 
output signals. In an additional embodiment, the remote controller computer may be coupled to a process tool such 
as a semiconductor fabrication process tool. In this manner, tiae remote controller computer may be fimher 

20 configured to alter a parameter of one or more instruments coupled to the process tool in response to at least the 
detennined first or second property of the specimen using an in situ control technique, a feedback control 
technique, and/or a feedforward control technique. 

An additional embodiment relates to a method for determining at least two properties of a specimen. The 
method may include disposing a specimen wpon a stage. The stage may be coupled to a measurement device. The 

25 measurement device may include an illumination system and a detection system. In addition, the method may 
include directing ^ergy toward a sur&ce of the specimen using the illumination system. The method may also 
include detecting energy propagating &om flie sinface of the specimen using the detection system. The method 
may further include generating one or more output signals in response to the detected energy. Furthermore, the 
method may include processing the one or more oulput signals to determine at least a first property and a second 

30 property of the specimen. 

In an embodiment, the first property may include a presence of defects on specimen. The second property 
may include a critical dimension of the specimea In addition, the processor may be configured to determine other 
properties of the specimen from the one or more output signals. In an additional embodiment, a semiconductor 
device may be fabricated by the method. For example, the method may mclude forming a portion of a 

3 S semiconductor device upon a specimen such as a semiconductor substrate. 

In an embodiment, processing the one or more output signals to determme at least a first property and a 
second property of the specimen may include at least partially processing the one or more oulput signals using a 
local processor. The local processor may be coupled to the measurement device. Processing the one or more 
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output signals may also include sending the partially processed one or more output signals fiom the local processor 
to a remote controller computer. In addition, processing the one or more output signals may include further 
processing the partially processed one or more output signals using the remote controller computer. In an 
additional embodiment, &e remote controller computer may be coupled to a process tool such as a semiconductor 
5 ^brication process tool. In this manner, the method may include altering a parameter of one or more instrumeate 
coupled to the process tool usmg &e remote controller computer in response to at least the determined first or 
second property of ^e specimen. Altering flze parameter of the instruments may include using an in situ control 
technique, a feedback control technique, and/or a feedforward control technique. 

AddiUonal embodiments relate to a computer-implemented method for controlling a system configured to 

1 0 determine at least two properties of a specimen. The system may include a measurement device. In this manner, 
controlling the system may include controlling the measurement device. In addition, the measurement device may 
include an illumination system and a detection system. The measurement device may also be coupled to a stage. 
Controlling the measurement device may include controlling the illumination system to direct energy toward a 
surface of the specimen. Additionally, controlling the measurement device may include controlling the detection 

1 5 system to detect energy propagating from the surface of the specimen. The method may also include generating 
one or more output signals in response to die detected energy. The computer-implem^ted mediod may furdier 
include processing the one or more output signals to determine at least a first property and a second property of the 
specimen. For example, the first property may include a presence of defects on specimen. The second property 
may include a critical dimension of the specimen. In addition, the processor may be configured to determine other 

20 properties of the specimen firom the one or more output signals. 

An embodiment relates to a system configured to determine at least two properties of a specimen. The 
system may include a stage configured to support the specimen. The system may also include a measurement 
device coupled to the stage. The measurement device may include an illumination system configured to direct 
energy toward a surface of the specimen. The measurement device may also include a detection system coupled to 

25 the illumination system. The detection system may be configured to detect energy propagating fiom the surface of 
the specimen. The measurement device may also be configured to generate one or more output signals in response 
to the detected energy. The system may also include a processor coupled to the measurement device. The 
processor may be configured to determine at least a first property and a second property of the specimen from the 
one or more output signals. 

30 In an embodiment, the first property may include a critical dimension of the specimen. Hie second 

property may include a thin fikn characteristic of tiie specimen. In addition, the processor may be configured to 
determine other properties of the specimen from tiie one or more ou^ut signals. In an embodiment, the 
measurement device may include a non-imaging scatterometer, a scatterometer, a spectroscopic scatterometer, a 
refiectometer, a spectroscopic refiectometer, an ellipsometer, a spectroscopic ellipsometer, a beam profile 

35 eUipsometer, a dual beam spectrophotometer, a bright field imaging device, a dark field "wgiging device, a bright 
field and dark field imaging device, a bright field and/or dark field non-imaging device, a coherence probe 
microscope, an interference microscope, an optical profilometer, or any combination thereof In tiiis maimer, the 
measurement device may be configured to function as a single measurement device or as multiple measurement 
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devices. Because multiple measurement devices may be integrated into a single measurement device of the system, 
optical elements of a first measurement device, for example, may also be optical elements of a second measurement 
device. 

In an embodiment; the processor may include a local processor coupled to the measurement device and/or 
5 a remote controller con^uter coupled to the local processor. The local processor may be configured to at least 
partially process tilie one or more output signals. The remote controller conqiuter may be configured to receive the 
at least partially processed one or more output signals &om the local processor. In addition, the remote controller 
computer may be configured to determine at least the first property and the second property of the specimen firom 
the at least partially processed one or more output signals. Furthermore, the remote controller con:q)uter may be 

1 0 configured to determine additional properties of the specimen fi'om the at least partially processed one or more 

output signals. In an additional embodiment, the remote controller computer may be coupled to a process tool such 
as a semiconductor fabrication process tool. In this manner, the remote controller computer may be fiirber 
configured to alter a parameter of one or more instruments coupled to the process tool in response to at least the 
determined first or second property of the specimen using an in situ control technique, a feedback control 

1 S technique, and/or a feedforward control technique. 

An additional embodiment relates to a method for deteraiining at least two properties of a specimen. The 
method may include disposing a specim^ upon a stage. The stage may be coupled to a measurement device. The 
measurement device may include an illumination system and a detection system. In addition, the method may . 
include directing energy toward a surface of the specimen using tiie illumination system. The method may also 

20 include detecting energy propagating from the surface of the specmien using the detection system. The method 
may further include generating one or more output signals in response to the detected energy. Furthermore, the 
method may include processing the one or more output signals to determine at least a first property and a second 
property of the specimen. 

In an embodiment, the first property may include a critical dimension of the specunen. The second 

25 property may mclude a thm fihn characteristic of the specimen. In addition, the processor may be configured to 
determine other properties of the specimen from the one or more output signals. In an additional embodiment^ a 
semiconductor device may be fabricated by the method. For exaxtq)le, the method may mclude forming a portion 
of a semiconductor device upon a specimen such as a semiconductor substrate. 

In an embodiment, processing the one or more output signals to determine at least a first property and a 

30 second property of the specimen may include at least partially processing the one or more output signals using a 
local processor. The local processor may be coupled to the measurement device. Processing the one or more 
output signals may also include sending the partially processed one or more output signals from the local processor 
to a remote controller computer. In addition, processing the one or more output signals may include further 
processing the partially processed one or more output signals using the remote controller cornputer. In an 

35 additional embodiment the remote controller con^uter may be coupled to a process tool such as a semiconductor 
fabrication process tool. In this manner, the method may mclude altering a parameter of one or more instmments 
cot^led to the process tool using the remote controller con^uter in response to at least the determined first or 
second property of the specimen. Altering the parameter of the instruments may include using an in situ control 
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technique, a feedback control technique, and/or a feedforward control technique. 

Additional embodiments relate to a computer-implemented method for controlling a system configured to 
determine at least two properties of a specimen. The system may include a measurement device. In this manner, 
controlling the system may include controlling the measurement device. In addition, the measurement device may 
5 include an illumination system and a detection systenL Hie measurement device may also be coupled to a stage. 
Controlling the measurement device may include controUmg the iUunnnatLon system to direct energy toward a 
surface of the specimen. Additionally, controlling the measurement device may include controlling the detection 
system to detect energy propagating from the surface of the specimen. The method may also include generating 
one or more output signals in response to the detected energy. The computer-implemented method may further 

1 0 include processing the one or more output signals to determine at least a first property and a second property of the 
specimen. For example, the first property may include a critical dimension of the specimen. The second property 
may include a thin film characteristic of the specimen. In addition, the processor may be configured to detennine 
other properties of the specimen from the one or more ou^ut signals. 

An embodiment relates to a system configured to determine at least three properties of a specimen. The 

I S system may mclude a stage configured to support the specimen. The system may also include a measurement 
device coupled to the stage. The measurement device may include an illumination system configured to direct 
eneigy toward a sur&ce of the specimen. The measurement device may also include a detection system coupled to 
the illumination system. The detection system may be configured to detect energy propagating from the surface of 
the specimen. The measurement device may also be configured to generate one or more output signals in response 

20 to the detected energy. The system may also include a processor coupled to the measurement device. The 

processor may be configured to detennine at least a first property, a second property and a third property of the 
specimen from the one or more output signals. 

In an embodiment the first property may include a critical dimension of the specimen. The second 
property may mclude a presence of defects on the specimen. The thkd property may include a thin film 

25 characteristic of the specimen. In addition, the processor may be configured to determine o&er properties of the 
specunen from the one or more ou^ut signals. In an enibodiment, the measurement device may include a non- 
imagmg scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, a spectroscopic 
reflectometer, an ellipsometer, a spectroscopic ellipsometer, a beam profile elIq)someter, a bright field imaging 
device, a dark field imaging device, a bright field and dark field imaging device, a bright field and/or dark field 

30 non-imaging device, a coherence probe microscope, an interference microscope, an optical profilometer, a dual 
beam spectrophotometer, or any combination thereof. In this manner, the measurement device may be configiured 
to function as a single measurement device or as multiple measurement devices. Because multiple measurement 
devices may be integrated into a single measurement device of the system, optical elements of a first measurement 
device, for exan^le, may also be optical elements of a second measurement device. 

35 In an embodim^ the processor n:iay include a local processor coupled to the measurement device and/or 

a remote controller computer coupled to the local processor. The local processor may be configured to at least 
partially process die one or more output signals. The remote controller computer may be configured to receive Hie 
at least partially processed one or more ou^ut signals from the processor. In addition, the remote controller 
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coiiq>uter may be configured to deteimine at least the first property, the second property and the third property of 
the specimen horn the at least partially processed one or more output signals. Furthermore, &e remote controller 
computer may be configured to determine additional properties of the specimen &om the at least partially processed 
one or more output signals. In an additional embodiment, the remote controller conq}uter may be coupled to a 
5 process tool such as a semiconductor fabrication process tool. In flds manner, the remote controller conq)uter may 
be further configured to alter a parameter of one or more instruments coupled to the semiconductor &brication 
process tool in response to at least the determined fiirst, second, or third property of the specimen using an in sito 
control technique, a feedback control technique, and/or a feedforward control technique. 

An additional embodiment relates to a method for determining at least three properties of a specimen. The 

10 method may include disposing a specimen upon a stage. The stage may be coupled to a measurement device. The 
measurement device may include an illumination system and a detection system. In addition, the method may 
include directing energy toward a surface of the specimen using the illummation system. The method may also 
include detecting energy propagating fxxm &e sur&ce of the specimen usmg the detection system. The method 
may fiirther mclude generating one or more ou^ut signals in response to the detected energy. Furthermore, the 

1 5 metiiod may include processmg the one or more output signals to determine at least a first property, a second 
property, and a diird property of the specimen. 

In an embodiment, the first property may include a critical dimension of the specimen. The second * 
property may include a presence of defects on the specimen. The third property may include a thin fihn 
characteristic of the specimen. In addition, the processor may be configured to determine other properties of the 

20 specimen from the one or more output signals. In an additional embodiment, a semiconductor device may be 

fabricated by the method. For example, the method may include forming a portion of a semiconductor device upon 
a specimen such as a semiconductor substrate. 

In an embodiment, processing the one or more ou^ut signals to determine at least a first property, a 
second property and a third property of the specimen may include at least partially processing the one or more 

25 output signals using a local processor. Hie local processor may be coupled to the measurement device. Processing 
the one or more output signals may also include sending die partially processed one or more output signals firom the 
local processor to a remote controller cornputer. In addition, processing the one or more output signals may include 
further processing the partially processed one or more output signals using the remote controller computer. In an 
additional embodiment, the remote controller computer may be coupled to a process tool such as a semiconductor 

30 fabrication process tool In this manner, the method may include altering a parameter of one or more instruments 
coupled to the process tool using the remote controller contputer in response to at least the determmed first or 
second property of the specimea Altering tiie parameter of the instruments may include using an in sito control 
technique, a feedback control technique, and/or a feedforward control technique. 

Additional embodiments relate to a computer-implemented method for controlling a system configured to 

35 detennine at least three properties of a specimen. The system may include a measurement device. In this manner, 
controlling the system may include controlling the measurement device. In addition, the measurement device may 
include an illumination system and a detection system. The measurement device may also be coupled to a stage. 
Controlling the measurement device may include controllmg the illumination system to direct energy toward a 
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surface of the specimen. Additionally, controliixig the measurement device may include controlling lhs detection 
system to detect energy propagating from the surface of the specimen. The method may also include generating 
one or more output signals in response to die detected energy. Ihe con^uter-implemented method may further 
include processing the one or more output signals to determine at least a first property, a second property and a 
5 third property of &e specimen. For example, the first property may include a critical dimension of the specimen. 
The second property may include a presence of defects on the specimen. The diird property may include a dun film 
characteristic of die spedmen. In addition, the processor may be configured to determine other properties of the 
specimen firom the one or more output signals. 

An embodiment relates to a system configured to detemune at least two properties of a specimen. Hie 

1 0 system may include a stage configured to support the specimea The system may also include a measurement 
device coupled to the stage. The measurement device may include an illumination system configured to direct 
energy toward a surface of the specimen. The measurement device may also include a detection system coupled to 
&e illumination system. The detection system may be configured to detect eneigy propagating from the surface of 
the specimen. The measurement device may also be configured to generate one or more output signals in response 

IS to the detected energy. The system niay also include a processor coupled to the measurexnent device. The 

processor may be configured to determme at least a first property and a second property of the specimen tmm the 
one or more output signals. 

In an embodiment, the first property may include a presence of macro defects on the specimea The 
second property may a presence of micro defects on the specimen In addition, the processor may be configured to 

20 determine other properties of the specimen from the one or more output signals. In an embodiment, the 

measurement device may include a non-imaging scatterometer, a scatterometer, a spectroscopic scatterometer, a 
reflectometer, a spectroscopic reflectometer, an eliipsometer, a spectroscopic ellipsometer, a bright field imaging 
device, a dark field unaging device, a bright field and dark field imagmg device, a bright field and/or dark field 
non-imagmg device, a double dark field device, a coh^ence probe microscope, an interfer^ce microscope, an 

25 optical profilometer, or any combination thereof. In this nuumer, the measurement device may be configured to 
frmction as a smgle measuremmt device or a$ nuiltiple measurement devices. Because mult^le measurement 
devices may be integrated into a single measurement device of the system, optical elements of a first measurement 
device, for example, may also be optical elements of a second measurement device. 

In an embodiment, the processor may include a local processor coupled to the measurement device or a 

30 remote controller computer coupled to the local processor. The local processor may be configured to at least 

partially process die one or more output signals. The remote controller computer may be configured to receive die 
at least partially processed one or more output signals from the processor. In addition, die remote controller 
computer may be configured to determine at least the first property and the second property of the specimen from 
die at least partially processed one or more output signals. Furdiennore, the remote conttoller computer may be 

35 configured to determme additional properties of die spechnen from the at least partially processed one or more 

output signals. In an additional embodunent, the remote controller computer may be coupled to a process tool such 
as a semiconductor fabrication process tool. In diis manner, the remote controller coirq)ut€r may be further 
configured to alter a parameter of one or more instruments coupled to the process tool in response to at least the 
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detennined first or second property of the specimen using an in situ control technique, a feedback control 
technique, and/or a feedforward control technique. 

An additional embodiment relates to a method for determining at least two properties of a specimen. The 
method may include disposing a specimen upon a stage. The stage may be coupled to a measmement device. The 
S measurement device may include an illumination system and a detection system. In addition, the method may 
include directing energy toward a sui&ce of the specimen using the illumination system. The method may also 
include detecting energy propagating firom &e sur&ce of the specimen usmg the detection system. The mediod 
may also include generating one or more output signals in response to the detected energy. Furthermore, the 
method may include processing the one or more output signals to determine at least a first property and a second 

1 0 property of the specimen. 

In an embodiment, the first property may include a presence of macro defects on the specimen. The 
second property may be a presence of micro defects on the specimen, hi addition, the processor may be configured 
to determine other properties of the specimen Scorn the one or more output signals. In an additional embodiment a 
semiconductor device may be fabricated by the method. For exainple, the method may include forming a portion 

IS of a semiconductor device upon a specimen such as a semiconductor substrate. 

In an embodiment processing the one or more ou^ut signals to detCTodne at least a fist property and a 
second property of the specimen may include at least partially processmg the one or more ou^ut signals using a 
local processor. The local processor may be coupled to &e measurement device. Processing the one or more 
output signals may also include sending the partially processed one or more output signals fi'om the local processor 

20 to a remote controller coirputer. In addition, processing the one or more output signals may include further 
processing the partially processed one or more output signals using the remote controller computer, la an 
additional embodiment, tiie remote controller computer may be coupled to a process tool such as a semiconductor 
fabrication process tool In this manner, the method may include altering a parameter of one or more mstruments 
coupled to the process tool using iixe remote controller conoputer in response to at least the determined first or 

25 second property of the specimen. Altering die parameter of the instruments may include using an in situ control 
technique, a feedback control technique, and/or a feedforward control technique. 

Additional embodiments relate to a computer-implemented method for controlling a system configured to 
determine at least two properties of a specimen. The system may include a measurement device. In this manner, 
controlling the system may include controlling the measurement device. In addition, the measurement device may 

30 include an illumination system and a detection system. The measurement device may also be coupled to a stage. 
Gontrolling the measurement device may include controlling die illumination system to direct energy toward a 
surface of the specunen. Additionally, controllmg the measurement device may include contiolling the detection 
system to detect energy propagating from the surface of the spedmen. The method may also mclude generatmg 
one or more output signals in response to the detected energy. The computBr-implemented method may further 

35 include processmg the one or more output signals to detexmine at least a first property and a second prop^ of the 
specunen. For example, the first property may include a presence of macro defects on the specunen. The second 
property may be a presence of micro defects on the specimen. In addition, the processor may be configured to 
determme other properties of the specimen firom the one or more output signals. 



13 



wo 02/25708 PCTAJSO 1/42251 

An embodimeiit relates to a system configured to determine at least tiuree properties of a specimen. The 
system may include a stage configured to support the specim^. The system may also include a measurement 
device coupled to the stage. The measurement device may include an illmnination system confiigured to direct 
energy toward a surface of fhe specimen. The measurement device may also include a detection system coupled to 
5 the iUumzaation system. The detection system may be configured to detect energy propagating from Ihe sur&ce of 
the specimen. The measurement device may also be configured to generate one or more output signals in response 
to the detected energy. The system may also include a processor coupled to tibie measurement device. The 
processor may be configured to detemaine at least a first property, a second property and a third property of the 
specimen fi-om the one or more output signals. 

10 In an embodiment, the first property may include a flatness measurement of the specimen. The second 

property may iuclude a presence of defects on the specimen. The third property may include a thin film 
characteristic of fhe specimen. In addition, die processor may be configured to determine other properties of the 
specimen fix»m die one or more ou^ut signals. In an embodiment, the measurement device may include a non* 
imagmg scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, a spectroscopic 

1 5 refiectometer, an ellipsometer, a spectroscopic ellipsometer, a beam profile eltipsometer, a bright field and/or dark 
field imaging device, a bright field and/or dark field non-imaging device, a double dark field device, a coherence 
probe microscope, an mterference microscope, an interferometer, an optical profilometer, a dual beam 
spectrophotometer, or any combination dxereof. In this manner, the measurement device may be configured to 
function as a single measurement device or as multiple measurement devices. Because multiple measurement 

20 devices may be integrated into a single measurement device of the system, optical elements of a first measurement 
device, for exan^le, may also be optical elements of a second measurement device. 

In an embodiment, the processor may mclude a local processor coupled to the measurement device and a 
remote controller coniputer coupled to the local processor. The local processor may be configured to at least 
partially process the one or more output signals. The remote controller computer may be configured to receive the 

25 at least partially processed one or more ou^t signals fi:om fiie processor. In addition, the r^note controller 

conq>uter may be configured to determine at least the first property, the second property and die third property of 
the specimen from the at least partially processed one or more output signals. Furthermore, the remote controller 
computer may be configured to determine additional properties of the specimen firom the at least partially processed 
one or more output signals. In an additional embodiment, the remote controller computer may be coupled to a 

30 process tool such as a semiconductor fabrication process tool. In this manner, the remote controller computer may 
be further configured to alter a parameter of one or more instruments coupled to the process tool in response to at 
least the determined first second or third property of fhe specimen using an in situ control technique, a feedback 
control technique, and/or a feedforward control technique. 

An additional embodiment relates to a method for determinmg at least three properties of a spechnen. The 

35 method may include disposing a specuneni^on a stage. The stage may be coupled to a measurement device. The 
measurement device may include an illumination system and a detection system. In addition, the method may 
include directing energy toward a surface of the specimen using the illumination system. The method may also 
include detecting energy propagating fiom the surface of the specimen using the detection system. The method 
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may further iaclude generatixig one or more output signals in response to the detected energy. Furthermore, the 
method may inchide processing the one or more output signals to determine at least a first property, a second 
property, and a third property of the specimen. 

In an embodiment, the first property may inchide a flatness measurement of the specimen. The second 
S property may include a presence of defects on the specimen. Hie third property may include a Hun fito 

characteristic of the specimen. In addition, tilie processor may be configured to detemnne other properties of the 
specimen firom die one or more output signals. In an additional embodiment, a semiconductor device may be 
^E^ricated by the method. For example, the method may include forming a portion of a semiconductor device upon 
a specimen such as a semiconductor substrate. 

10 In an embodiment, processing the one or more output signals to determine at least a first property, a 

second property and a third property of the specimen may include at least partially processing the one or more 
output signals using a local processor. The local processor may be coupled to the measurement device. Processing 
the one or more output signals may also include sending die partially processed one or more output signals firom the 
local processor to a remote controller con^)uter. In addition, processing the one or more output signals may include 

1 5 further processing the partially processed one or more output signals using l3ie remote controller computst. In an 
additional embodiment, tbe remote controller computer may be coupled to a process tool such as a semiconductor 
fabrication process tool. In this manner, tiie method may include altering a parameter of one or more instruments 
coupled to the process tool using the remote controller computer in response to at least die determined first or 
second property of the specimen. Altering the parameter of the instruments may include using an in situ control 

120 technique, a feedback control technique, and/or a feedforward control technique. 

Additional embodiments relate to a computer-inotplemented metiiod for controlling a system configured to 
detemmie at least three properties of a specimen. The system may include a measurement device. In tins manner, 
controlling the system may include controlling the measurement device. In addition, the measurement device may 
include an illumination syst^ and a detection system. The measurement device may also be coupled to a stage. 

25 Controlling the measurement device may include controlling the illumination system to direct energy toward a 
surface of the specimeiL Additionally, controlling the measurement device may inchxde controlling the detection 
system to detect energy propagating from the surface of the specimen. The method may also include generating 
one or more output signals in response to the detected energy. The con^uter-inq)lemented method may further 
include processing the one or more output signals to determine at least a first property, a second property and a 

30 tiiird property of the specimea For txarnphf the first property may include a flatness measurement of the 
specimen. The second property may include a presence of defects on the specimen. The third property may 
include a thin film characteristic of the specim^. In addition, the processor may be configured to determine other 
properties of the specimen firom the one or more output signals. 

An embodiment relates to a system configured to determine at least two properties of a specimen. The 

35 system may include a stage configured to support the specimen. The system may also include a measurement 
- device coupled to the stage. The measurement device may include an illumination system configured to direct 
energy toward a surface of the specim^ The measurement device may also include a detection system coupled to 
die illumination system. The detection system may be configured to detect energy propagating firom tiie surface of 
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the specimen. The measurement device may also be configured to generate one or more ou^ut signals in response 
to the detected energy. The system may also include a processor coupled to the measurement device. The 
processor may be configured to detemoine at least a first property and a second property of the specimen from the 
detected light. 

5 In an ^nbodixnent, the first property may include overlay misregistration of the specimen. The second 

property may include a flatness measurement of the specimra. In additiojo, the processor may be configured to 
determine other properties of the specimen fix>m the one or more ou^ut signals. In an embodiment, Ike 
measurement device may include a non-imagmg scatterometer, a scatterometer, a spectroscopic scatterometer, a 
reflectometer, a spectroscopic reflectometer, a spectroscopic ellipsometer, a beam profile ellipsometer, a bright 

1 0 field imaging device, a dark field imaging device, a bright field and dark field imaging device, a coherence probe 
microscope^, an interference microscope, an interferometer, an optical profilometer, a dual beam spectrophotometer, 
or any combination thereof In this manner, the measurement device may be configured to function as a single 
measurement device or as multiple measurement devices. Because multiple measurement devices may be 
integrated into a single measurement device of the system, optical elements of a first measurement device, for 

1 S exan^le, may also be optical elements of a second measurement device. 

In an embodiment, the processor may include a local processor coupled to the measurement device and a 
remote controller conoputer coiq)led to the local processor. The local processor may be configured to at least 
partially process the one or more output signals. The remote controller computer may be configured to receive the 
at least partially processed one or more output signals j&om the processor. In addition, the remote controller 

20 computer may be configured to determine at least the first property and the second property of the specimen fi:om 
the at least partially processed one or more output signals. Furdiermore, the remote controller computer may be 
configured to determine additional properties of the specimen from the at least partially processed one or more 
output signals. In an additional embodinoent, the remote controller computer may be coupled to a process tool such 
as a semiconductor ftbrication process tool. In this manner, the remote controller computer may be further 

25 configured to alter a parameter of one or more instruments coupled to the process tool in response to at least tiie 
determined first or second property of the specimen using an in situ control technique, a feedback control 
technique, and/or a feedforward control technique. 

An additional embodiment relates to a method for determining at least two properties of a specimen. The 
method may include disposmg a specunen upon a stage. The stage may be coupled to a measurement device. The 

30 measurement device may include an illummation system and a detection system. In addition, the method may 
include directing energy toward a surface of the spedmen using &e illummation system The method may also 
include detecting energy propagating fi:om the surface of the specimen using the detection system Tbs method 
may further include generating one or more output signals in response to the detected energy. Purfhermore, the 
method may include processing die one or more output signals to determine at least a first property and a second 

3 5 property of the specimen. 

In an embodiment, the first property may include overlay misregistration of the specimen. The second 
property may include a flatness measurement of the specunen. In addition, the processor may be configured to 
det^mine oth^ properties of the specimen from the one or more ou^ut signals, hi an additional embodunent, a 



16 



wo 02/25708 PCT/USOl/42251 
semiconductor device may be fabricated by the method. For example, the method may include forming a portion 
of a semiconductor device upon a specimen such as a semiconductor substrate. 

In an embodiment; processing the one or more output signals to determine at least a first property and a 
second property of the specimen may include at least partially processing the one or more ou^ut signals using a 
5 local processor. The local processor may be coupled to the measurement device. Processing the one or more 

output signals may also include sending the partially processed one or more ou^t signals from the local processor 
to a remote controller conqputer. In addition, processing the one or more output signals may include further 
processmg the partially processed one or more output signals using the remote controller computer. In an 
additional embodiment, the remote controller computer may be coupled to a process tool such as a semiconductor 

1 0 fabrication process tool. In this manner, the mefliod may include altering a parameter of one or more instruments 
coupled to the process tool using the remote controller computer in response to at least the determined first or 
second property of the specimen. Altering the parameter of the instruments may include using an in situ control 
technique, a feedback control technique, and/or a feedforward control technique. 

Additional embodiments relate to a conq)uter-implemented method for controlling a system configured to 

1 5 detemoine at least two prop^es of a specimen. The system may include a measurement device. In this mann^, 
controlling the system may include controlling tbs measurement device. In addition, the measurement device may 
include an illumination system and a detection system. The measurement device may also be coupled to a stage. 
Controlling the measurement device may include controlling the illumination system to direct energy toward a 
surface of the specimen. Additionally, controlling the measurement device may include controlling the detection 

20 system to detect energy propagating from the surface of tiie specimen. The method may also include generating 
one or more output signals in response to tiie detected energy. The computer-implemented method may further 
include processing the one or more output signals to determine at least a first property and a second property of the 
specimen. For example, the first property may include overlay misregistration of the specunen. The second 
property may include a flatness measurement of the specunen. In addition, the processor may be configured to 

25 determme other properties of the specimen from the one or more output signals. 

An embodhnent relates to a system configured to determine at least two properties of a ^cimen. The 
system may include a stage configured to support the specimen. The system may also include a measurement 
device coupled to the stage. The measurement device may include an illumination system configured to direct 
energy toward a surface of the specimen. The measurement device may also include a detection system coupled to 

30 the illumination system. The detection system may be configured to detect energy propagating from the surface of 
the specimen. The measurement device may also be configured to generate one or more output signals in response 
to the detected energy. The system may also inchide a processor coupled to the measurement device. The 
processor may be configured to determine at least a first property and a second property of the specimen fi:om the 
one or more output signals. 

35 In an embodiment, the first property may mclude a characteristic of an implanted region of the specimen. 

The second property noay include a presence of defects on the specimen. In addition, the processor may be 
configured to determine other properties of the specimen frt>m the one or more output signals. In an embodiment, 
the measurement device may include a modulated optical refiectometer, an X-ray reflectance device, an eddy 
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current device, a phofo-acoustic device, a spectroscopic ellipsometer, a spectroscopic reflectometer, a dual beam 
spectrophotometer, a non-imaging scatterometer, a scatterometer, a spectroscopic scatteiometer, a reflect meter, an 
ellipsometer, a non-imaging bright field device, a non-imaging dark field device, a non-imaging bright field and 
daik field device, a bright field imaging device, a dark field imaging device, a bright field and dark field imaging 
5 device, or any combination thereof. la this manner, dzemessuremem device znay be configured to 

single measurement device or as multiple measurement devices. Because multiple measurement devices may be 
integrated into a single measurement device of the system, optical elements of a first measurement device, for 
example, may also be optical elements of a second measurement device. 

In an embodiment, the processor may include a local processor coupled to the measurement device and a 

10 remote controller computer coupled to the local processor. The local processor may be configured to at least 

partially process the one or more output signals. The remote controller computer may be configured to receive the 
at least partially processed one or more output signals fiom the processor. In addition, the remote controller 
computer may be configured to determine at least die first property and the second property of the specin:ien fiom 
the at least partially processed one or more output signals. Furthermore, die remote controller computer may be 

1 5 configured to determine additional properties of die spechnen from the at least partially processed one or more 

output signals. In an additional embodiment, the remote controller computer may be coupled to a process tool such 
as a semiconductor fabrication process tool. In this manner, the remote controller computer may be further 
configured to alter a parameter of one or more instruments coupled to the process tool in response to at least the 
detetmined first or second property of the specimen using an in situ control technique, a feedback control 

20 technique, and/or a feedforward control technique. 

An additional embodiment relates to a method for determining at least two properties of a specimen. The 
method may mclude disposing a specimen upon a stage. The stage may be coiq)led to a measurement device. The 
measurement device may include an illumination system and a detection system. In addition, the method may 
include directing energy toward a surface of the specimen using the illumination system. The method may also 

2S include detecting energy propagating from the sur&ce of the specimen using the detection system. The method 
may further include generating one or more output signals in response to die detected energy. Furthermore, tide 
method may include processmg the one or noore output signals to determine at least a first property and a second 
property of the specimen. 

In an embodiment, the first property may include a characteristic of an implanted region of the specimen. 

30 The second property may include a presence of defects on the spechnen. Jn addition, the processor may be 

configured to determine other properties of the specimen from the one or more output signals. In an additional 
embodiment, a semiconductor device may be fabricated by the method. For example^ the method may include 
forming a portion of a semiconductor device t^on a specimen such as a semiconductor substrate. 

In an embodiment processing the one or more output signals to determine at least a first property and a 

3 5 second property of the specimen may inchide at least partially processing the one or more output signals using a 
local processor. The local processor may be coupled to the measurement device. Processing the one or more 
output signals may also include sending the partially processed one or more output signals from the local processor 
to a remote controller computer. In addition, processing the one or more output signals may include further 
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processing the partially processed cue or more output signals using the remote controller computer. In an 
additional embodiment, the remote controller computer may be coupled to a process tool such as a semiconductor 
fabrication process tool. In this manner, the method may include altering a parameter of one or more instruments 
coupled to the semiconductor fabrication process tool using the remote controller computer in response to at least 
5 the determined first or second property of the specimen. Altering the parameter of the instruments may include 
using an in situ control technique, a feedback control technique, and/or a feedforward control tedinique. 

Additional embodiments relate to a computer-inq)lemented me&od for controlling a system configured to 
determine at least two properties of a specimen. The system wscy inchide a measurement device. In this manner, 
controlling the system may include controlling the measurement device. In addition, the measurement device may 

10 include an illumination system and a detection system The measurement device may also be coupled to a stage* 
Controlling the measurement device may include controlling the illumination system to direct energy toward a 
surface of the specimen. Additionally, controlling the measurement device may include controlling the detection 
system to detect energy propagating fiom the surface of the specimen. The method may also include generating 
one or more output signals in response to the detected energy. The counter-implemented mediod may further 

1 5 mclude processing the one or more output signals to determine at least a first prop^ and a second property of the 
specimen. For exaixtple> the first property xnay include a <^aract6ristic of an inq)lanted region of The 
second property may include a presence of defects on the spechnen. In addition, tiie processor may be configured 
to determine other properties of the specimen fiom the one or more output signals. 

An embodiment relates to a system configured to determine at least two properties of a specimen. The 

20 system may include a stage configured to support the specimen. The system may also include a measurement 
device coupled to the stage. The measurement device may include an illumination system configured to direct 
energy toward a surface of the specimen. The measurement device may also include a detection system coupled to 
the illumination system. The detection system may be configured to detect energy propagating fiom the surfece of 
the specimen. The measurement device may be configured to generate one or more output signals in response to 

25 the detected light The system inay also include a processor coupled to tiie measurement device. The processor 

may be configured to determine at least a &5t property and a second property of the specimen torn the one or more 
output signals. 

In an embodiment, the first property may include an adhesion characteristic of the specimen. The second 
property may include a thickness of the specimen. In addition, the processor may be configured to determine other 

30 properties of the specimen from the one or more ou^ut signals. In an embodunent, the measurement device may 
include an eddy cunent device, a photo-acoustic device, a spectroscopic ellipsometer, an ellipsometer, an X-ray 
refiectometer, a grazing X-ray refiectometer, an X-ray di^ctometer, or any combination thereof. In fliis manner, 
the measurement device may be configured to function as a smgle measurement device or as multiple measurement 
devices. Because multiple measurement devices may be integrated into a single measurement device of the system, 

35 optical elements of a first measurement device, for example, may also be optical elements of a second measurement 
device. 

In an embodunent, the processor may include a local processor coupled to the measurement device and a 
remote controller computer coupled to the local processor. The local processor may be configured to at least 



19 



wo 02/25708 PCTAJSOl/42251 
partially process the one or more output signals. The remote controller computer may be configured to receive the 
at least partiaUy processed one or more output signals firom Ihe local processor. In addition, the remote controller 
computer may be configured to determine at least the furst property and tiie second prop^ of the specimen fiom 
the at least partially processed one or miore output signals. Furtheimoie, the remote controller computer may be 
5 configured to detennine additional properties of the specimen fiom flie at least partially processed one or more 
ou^t signals. In an additional embodiment, the remote controller computer may be coupled to a process tool such 
as a semiconductor fabrication process tool In this manner, the remote controller computer may be further 
configured to alter a parameter of one or more instruments coupled to tiie semiconductor fabrication process tool in 
response to at least die determined first or second property of the specimen using an in situ control technique, a 

1 0 feedback control technique, and/or a feedforward control technique. 

An additional embodiment relates to a method for determining at least two properties of a specimen. The 
method may include disposing a specimen upon a stage. Hie stage may be coupled to a measurement device. The 
measurement device may include an illumination system and a detection system. In addition, the method may 
include dkectmg energy toward a surface of the specimen using the illumination systenL The method may also 

1 5 include detecting ^ergy propagatmg from the sur&ce of the specimen using the detection system. The method 
may furtlier include generating one or more output signals in response to the detected energy. Furthenuoie, the 
method may include processing the one or more output signals to determine at least a first property and a second 
property of the specimeiL 

In an embodiment, the first property may include an adhesion characteristic of the specimen. The second 

20 property may include a thickness of the specimen. In addition, the processor may be configured to determine other 
properties of the specunen fiom the one or more output signals. In an additional embodiment, a semiconductor 
device may be fabricated by the method. For example, die me&od may include forming a portion of a 
semiconductor device \xpGJi a specimen such as a semiconductor substrate. 

In an embodiment, processing the one or more output signals to detennine at least a first property and a 

25 second property of the specimen may include at least partially processing the one or more output signals using a 
local processor. The local processor may be coupled to the measurement device. Processing the one or more 
output signals may also include sending the partially processed one or more output signals from the local processor 
to a remote controller computer. In addition, processing the one or more output signals may include further 
processing the partially processed one or more output signals using the remote controller computer. In an 

30 additional embodiment, the remote controller computer may be coi^led to a process tool such as a semiconductor 
fabrication process tool. In this manner, the method may include altering a parameter of one or more instruments 
coupled to the process tool using the remote controller computer in response to at least the determuied first or 
second property of the specimen. Altering the parameter of the instruments may include usiag an in situ control 
technique, a feedback control technique, and/or a feedforward control technique. 

35 Additional embodiments relate to a computer-implemented method for controlling a system configured to 

determine at least two properties of a specimen. The system may include a measurement device. Id this manner, 
controlling the system may include controlling the measurement device. In addition, die measurement device may 
include an illumination system and a detection system. The measurement device may also be coupled to a stage. 

20 
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ControHiiig the measuremrat device may include contToUing the iQumination system to direct energy toward a 
surface of the specimen. Additionally, controlling the measuiement device may include controlling die detection 
system to detect energy propagating fiom the surface of &e specimen. Hie method may also inchide generating 
one or more ou^ut signals in response to the detected energy. The computer-ins^lemented method may further 
S include processing the one or more ou^ut signals to detemune at least a first property and a second property of the 
specimen. For example, the first property may include an adhesion characteristic of the specimen. The second 
property may include a thickness of the specimen. In addition, the processor may be configured to determine otiier 
properties of the specimen from the one or more output signals. 

An embodiment relates to a system configured to determine at least two properties of a specimen. The 

1 0 system may include a stage configured to support the specimen. The system may also include a measurement 
device coupled to the stage. The measurement device may include an illumination system configured to direct 
energy toward a surface of th.e specimen. The measurement device may also include a detection system coupled to 
the illumination systena. The detection system may be configured to detect energy propagating from the surfrice of 
the specimen. The measurement device may be configured to generate one or more output signals in response to 

15 the detected energy. The system may also include a processor coupled to the measurment device. The process 

may be configured to determine at least a first property and a second property of the specimen from the one or more 
output signals. 

In an embodiment, the first property may include a concentration of an element in the specimen. The 
second property may include a thickness of the specimen. In addition, the processor may be configured to 

20 determine other properties of the specimen from the one or more output signals. In an embodiment, the 

measurement device may include a photo-acoustic device, an X-ray reflectometer, a grazing X-ray reflectometer, 
an X-ray diflSractometer, an eddy current device, a spectroscopic ellipsometer, an ellipsometer, or any combination 
thereof. In this manner, the measurement device may be configured to function as a single measurement device or 
as multiple measurement devices. Because multiple measurement devices may be integrated into a single 

25 measurement device of the system, optical elements of a first measurement device, for example, may also be optical 
elements of a second measurement device. 

In an embodiment, the processor may include a local processor coupled to Has measurement device and a 
remote controller computer coupled to the local processor. The local processor may be configured to at least 
partially process tiiie one or more output signals. The remote controller computer may be configured to receive the 

30 at least partiaUy processed one or more output signals from the processor. In addition, the remote controller 

computer may be configured to determine at least the first property and the second property of the specimen from 
the at least partially processed one or more output signals. Furthermore, the remote controller computer may be 
configured to determine additional properties of the specimen from the at least partially processed one or more 
output signals. In an additional embodiment, the remote controller computer may be coupled to a process tool such 

35 as a semiconductor &brication process tool. In this manner, the remote controller computsr may be furth^ 

configured to alter a parameter of one or more instruments coupled to the process tool in response to at least the 
determined first or second property of flie specunen using an m situ control technique, a feedback control 
technique, and/or a feedforward control technique. 
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An additional embodiment relates to a method for determining at least two properties of a specimen. The 
method may inchide disposing a specimen upon a stage. The stage may be coupled to a measurement device. The 
measurement device may include an illumination system and a detection system. In addition, the method may 
include directing energy toward a sui&ce of the specimen usmg die illumination system. The method may also 
5 include detecting energy propagating firom the surface of the specimen using the detection system. The method 
may forther inchide generating one or more output signals in response to flie detected energy. Furthermore, the 
mediod may include processing the one or more ou^ut signals to detemoine at least a first property and a second 
property of the specimen. 

In an embodiment, the first property may include a concentration of an element in the specimen. The 

1 0 second property may iaclude a thickness of the specimen. In addition, the processor may be configured to 

determine other properties of the specimen from the one or more output signals. In an additional embodiment, a 
semiconductor device may be fabricated by the method. For example, the method may iaclude forming a portion 
of a semiconductor device upon a specimen such as a semiconductar substrate. 

In an embodiment, processmg the one or more output signab to determine at least a fiist property and a 

1 5 second property of the specimen may inchide at least partially processing die one or more output signals using a 
local processor. The local processor may be coupled to the measurement device. Processing the one or more 
output signals may also mclude sending the partially processed one or more output signals fi:om the local processor 
to a remote controller computer. In addition, processing the one or more output signals may include further 
processing the partially processed one or more output signals using the remote controller computer. In an 

20 additional embodiment, the remote controller computer may be coupled to a process tool such as a semiconductor 
fabrication process tool. In this manner, the method may include altering a parameter of one or more instruments 
coupled to the process tool using the remote controller con^uter in response to at least the detemcdned first or 
second property of the specunen. Altering the parameter of the instruments may include using an in situ control 
technique, a feedback control technique, and/or a feedforward control technique. 

25 Additional embodunents relate to a computer-implemented method for controlling a system configured to 

determine at least two properties of a specunen. The system may mclude a measurement device. In this manner, 
controlling the system may include controlling the measurement device. la addition, the measurement device may 
include an illumination system and a detection system. The measurement device may also be coupled to a stage. 
Controlling the measurement device may include controlling the illumination system to direct energy toward a 

30 surface of the specimen. Additionally, controlling the measurement device may include controlling the detection 
system to detect energy propagating &om the surface of the specimen. The method may also include generating 
one or more output signals in response to the detected energy. The conq)uter-m)plemented mediod may further 
include processing the one or more output signals to detemune at least a first property and a second property of the 
specim^ For example, the fust property may include a concentration of an element in the spe^^ The second 

3 5 property may include a thickness of the specimen. In addition, the processor may be configured to determine other 
properties of the specimen firom the one or more output signals. 

An embodiment relates to a system coupled to a deposition tool. The deposition tool may be configured to 
form a layer of material on a specimen. The layer of material may )>e formed on the specimen by the deposition 
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tool The measuiement device may be configined to detemune a characteristic of a layer of material prior to, 
during, or after formation of the layer. The system may include a stage configured to support the specimen. The 
measurement device may include an illumination system configured to direct energy toward a surface of the 
specimen prior to, during ,or after formation of the layer. The measurement device may also include a detection 
S system coi^led to the illumination system. The detection system noay be configured to detect energy propagating 
fixxoi the sur&ce of the specimen prior to, during, or after formation of the layer. The measurement device may be 
configured to generate one or more output signals in response to the detected energy. The system may also include 
a processor coupled to the measurement device. The processor may be configured to determine a characteristic of 
the layer fi:om the one or more output signals. The processor may also be coupled to the deposition tool. The 

1 0 processor may be configured to alter a parameter of one or more instruments coupled to the deposition tool. 

Additionally, the processor may be configured to alter a parameter of the instruments coupled to the deposition tool 
in response to tibie determined characteristic of the formed layer. 

In an embodiment, the measurement device may include a non-imaging scatterometer, a scatteiometer, a 
spectroscopic scatterometer, a reflectometer, a spectroscopic refiectometer, an ellipsometer, a spectroscopic 

1 5 ellipsometer, a bright field imaging device, a daik field imaging device, a bright field and dack field imaging 
device, a coherence probe microscope, an mterference microscope, an optical profilometer, or any combination 
thereof. In this manner, the measurement device may be configured to function as a single measurement device or 
as multiple measurement devices. Because multiple measurement devices may be integrated into a single 
measurement device of the system, optical elements of a first measurement device, for example, may also be optical 

20 elements of a second measurement device. The deposition tool may include any tool configured to form a layer 
upon a semiconductor substrate. Deposition tools may include chemical vapor deposition tools, physical vapor 
deposition tool, atomic layer deposition tools, and electroplatmg took. 

In an embodiment, the processor may include a local processor coupled to the measurement device and/or 
the deposition tool and a remote controller coni^uter coupled to the local processor. The local processor may be 

25 configured to at least partially process the one or more ou^ut signals. Hie remote controller compute may be 

configured to receive the at least partially processed one or more output signals &om the processor. In addition, die 
remote controller con:q)uter may be configured to determine a characteristic of the formed layer on the specimen 
from the at least partially processed one or more output signals. Furthermore, the remote controller conq)uter may 
be configured to determine additional properties of the specimen firom the at least partially processed one or more 

30 output signals. The remote controller computer may also be coupled to a deposition tool. In this manner, the 
remote controller computer may be further configured to alter a parameter of one or more instruments coupled to 
the deposition tool in response to at least the determined characteristic of a layer formed upon (he specimen using 
an in situ control technique, a feedback control technique, and/or a feedforward control technique. 

An additional embodiment relates to a method of evaluating a characteristic of a layer formed upon a 

35 specimen. The niethodrnay include depositing a layer iq)on a specimen using a deposition tool The measurement 
device may include an illumination system and a detection system. In addition, the method may include directing 
energy toward a surface of the specimen using the illumination system. The method may also include detecting 
energy propagating firom the surface of the specimen using the detection system. The method may further include 
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generating one or more output signals in response to the detected light Furdiennore, the meAod may include 
processing the one or more output signals to determine a characteristic of &e formed layer. 

In an embodiment, the processor may be configured to detennine a characteristic of Hie formed layer. In 
addition, the processor may be configured to determine other properties of the spechnen from the one or more 
5 output signals. In an additional ernbodiinent, a seiniconductor device nmy be &bricated by the metho For 
example, the method may include forming a portion of a semiconductor device upon a specimen such as a 
semiconductor substrate. 

In an embodiment, processing the one or more output signals to determine a characteristic of a formed 
layer may include at least partially processing the one or more output signals using a local processor. The local 

1 0 processor may be coupled to the measurement device. Processing die one or more output signals may also include 
sending the partially processed one or more output signals &om the local processor to a remote controller computer. 
In addition, processing the one or more output signals may include further processing the partially processed one 
or more output signals using the remote controller computer. In an additioruil embodim^t, die remote controller 
conq)uter may be coupled to the deposition tool. In this manner, the method may include altering a parameter of 

1 S one or more mstruments coupled to the deposition tool using die remote controller coii^)uter m response to at least 
the determined characteristic of the formed layer on the specimen. Altering the parameter of the deposition tool 
may include using an in situ control technique, a feedback control technique, and/or a feedforward control 
technique. 

Additional embodiments relate to a cozoputer-implemented method for controlling a system that includes a 

20 deposition tool and a measurement device. Controlling the system may include controlling the measurement 

device, the deposition tool, or both. In addition, the measurement device may include an illumination system and a 
detection system. The measurement device may also be coupled to a stage. Controlling the measurement device 
may include controlling the illumination system to direct energy toward a surface of the specimen. Additionally, 
controllmg the measurement device may include controlling the detection system to detect energy propagating fitom 

25 the surface of die specimen. The method may also inchide generating one or more output signals in response to the 
detected energy. The con^uter-moplemented method may further include processing the one or more ou^t 
signals to determine at least a characteristic of the layer as it is formed or after it is formed. In addition, the 
processor may be configured to detennine other properties of the specimen fiom the one or more output signals. 

An embodiment relates to a system diat includes an etch tool coupled to a beam profile ellipsometer. The 

30 etch tool noay be configured to direct chemically reactive and/or ionic species toward a specimen. Hie beam profile 
ellipsometer may be configured to determine a property of an etched region of the specimen during or after the 
etching process. The beam profile ellipsometer may include an illumination system configured to direct an incident 
beam of light having a known polarization state toward a surface of the specimen during or after etching of the 
specimen. The measurement device may also include a detection system coupled to the illumination system. The 

35 detection system may be configured to generate one or more ou^ut signals representative of light returned fi?om the 
specimen during or after etching of tiie specimen. The system may also include a processor coupled to the 
measurement device. The processor may be configured to determine a property of the etched region of a specimen 
from the one or more ou^t signals. The processor may also be coi^led to the etch tooL The processor may alter 
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a parameter of one or more instruments coupled to the etch tool Additionally, the processor may be configured to 
alter a parameter of the instruments coupled to the etch tool in response to llie properties of the etched layer. 

In an embodiment, die system may also include a non-imaging scattexometer, a scatterometer, a 
spectroscopic scatterometer, a reflectometer, a spectroscopic reflectometer, an ellipsometer, a spectroscopic 
S ellipsometer, a bright field and/or dark field imaging device, a bright field and/or dark field non-imaging device, a 
coherence probe microscope, an interference microscope, or any combination thereof, la this manner, die system 
may be configured to function as a single measurement device or as multiple measurement devices. Because 
multiple measurement devices may be integrated into a single measurement device of the system, optical elements 
of a first measurement device, for example, may also be optical elements of a second measurement device. 

10 In an embodiment, the processor may include a local processor coupled to the beam profile ellipsometer 

and/or the etch tool and a remote controller computet coupled to the local processor. The local processor may be 
configured to at least partially process the one or more output signals. The remote controller computer may be 
configured to receive the at least partially processed one or more output signals fiom the processor. In addition, the 
remote controller conq)uter may be configured to determine a property of an etched region on the specimen firom 

IS the at least partially processed one or more output signals. Furdiermore, the remote controller con^uter may be 
configured to determine additional properties of the spechnrai from the at least partially processed one or more 
output signals. The remote controller computer may also be coupled to a etch tool. In this manner, the remote 
controller computer may be further configured to alter a parameter of one or more instruments coupled to the etch 
tool in response to at least the determined property of the etched region of the specimen using an m situ control 

20 technique, a feedback control technique, and/or a feedforward control technique. 

An additional embodiment relates to a method of evaluating an etched region of a specimen with a beam 
profile ellipsometer. The method may include etching a layer upon a specimen using an etch tool. The beam 
profile ellipsometer may include an illumination system and a detection system. In addition, the method may 
include directing light toward a surface of the specimen using the illumination systenou The method may also 

25 include detecting light propagating firom the surface of the specimen using the detection system. The method may 
further include generating one or more output signals in response to the detected light Furthermore, the mediod 
may include processing the one or more output signals to a property of the etched region of the specimen. In 
addition, the method may include processing the one or more output signals to determine other properties of die 
specimen firom the one or more output signals. In an additional embodiment, a semiconductor device may be 

30 fabricated by the method. For example, the method may include foimmg a portion of a semiconductor device \spon 
a specimen such as a semiconductor substrate. 

In an embodiment, processing the one or more ou^ut signals to determine a property of an etched region 
of a specimen may include at least partially processing the one or more output signals using a local processor. The 
local processor may be coupled to the beam profile ellipsometer. Processing die one or more output signals may 

3 S also include sending the partially processed one or more output signals from the local processor to a remote 
controller computer. In addition, processing the one or more output signals may include further processing the 
partially processed one or more output signals using die remote controller computer. In an additional embodiment, 
the remote controller computer may be coupled to the etch tool In this manner, the method may include altering a 
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parameter of one or more instruments coupled to the etch tool using the remote controller computer in response to 
at least tiie determined characteristic of the formed layer on the specimen. Altering tiie parameter of tiie etch tool 
may include using an in situ control technique, a feedback control technique, and/or a feedforward control 
technique. 

5 Additional embodiments lehite to a computer-implonented method for controlling a system that includes 

an etch tool and a beam profile ellipsometer. Controllii^ tbte system may include contiolling &e beam profQe 
ellipsometer, the etch tool, or both. In addition, the beam profile ell^)someter may include an illumination system 
and a detection system. The beam profile ellipsometer may also be coupled to a stage. Controlling tiie beam 
profile ellipsometer may include confroUtng the ilhmiination system to direct light toward a surface of the 

1 0 specimen. Additionally, controlling the beam profde ellipsometer may include controlling the detection system to 
detect light propagating from the surface of the specimen. The method may also include generating one or more 
output signals in response to the detected light The computer-implemented method may further include processing 
the one or more output signals to determine at least a property of an etched region of a specimen during etching, 
after the region is etched, or both. In addition, the processor may be configured to determine other properties of the 

1 S specimen from tiie one or more output signals. 

An embodiment relates to a system that includes an ion io^lanter coupled to a measurement device. The 
measurement device may be configured to determine at least a characteristic of an unplanted region of a specunen. 
TTie measurement device may be configured to determine a characteristic of an inqjlanted region of a specimen 
during or after implantation of the specimen. The system may include a stage configured to support the specimen. 

20 The measurement device may include an illumination system configured to periodically direct two or more beams 
of light toward a surface of the specimen during or after implantation. In one embodiment, the measurement device 
may direct an incident beam of light to a specimen to periodically excite a region of the specimen during 
inqyiantation. Additionally, tiie measurement device may direct a sample beam of light to the excited region of the 
specimoi. The measurement device may also include a detection system coupled to the illumination systm. The 

25 detection system may be configured to measure an mtensity of the sdxaple beam reflected fiom the excited region of 
the specimen. The measurement device may also be configured to generate one or more ou^ut signals in response 
to the measured intensity. 

The system may also include a processor coupled to the measurement device. The processor may be 
configured to determine a characteristic of an unplanted region from the one or more output signals. The processor 

3 0 may also be coupled to the ion implanter, The processor may be configured to alter a parameter coupled to one or 
more instruments coupled to the ion iniplanter. Additionally, the processor may be configured to alter a parameter 
of one or more instruments coupled to the ion inaphntet in. response to tiie determined characteristic of the 
implanted regioiL 

hi an embodiment, die measurement device may include a non-inaaging scatterometer, a scatterometer, a 
35 spectroscopic scatterometer, a refiectometer, a spectroscopic reflectometer, a bright field and/or dark field imaging 
device, a bright field and/or dark field non-imaging device, a coherence probe microscope, an interference 
microscope, an optical profilometer, a modulated optical reflectance device, or any combination thereof. In this 
manner, the measurement device may be configured to function as a single measurement device or as multiple 
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measurement devices. Because multiple measurement devices may be integrated into a single measurement device 
of fke system, optical elements of a first measurement device, for example, may also be optical elements of a 
second measurement device. 

In an embodiment, the processor may include a local processor coupled to die measuiement device and/or 
S the ion in^lanter and a remote controller computer coupled to the local processor. The local processor may be 
configured to at least partially process the one or more oulput signals. The remote controller conqiuter may be 
configured to receive the at least partially processed one or more output signals from the processor. In addition, the 
remote controller computer may be configured to detennine a characteristic of the implanted region of the specimen 
from the at least partially processed one or more output signals. Furthermore, the remote controller computer may 

10 be configured to determine additional properties of the specimen from the at least partially processed one or more 
output signals. The remote controller computer may also be coupled to an ion iinplanter. In this manner, the 
remote controller computer may be further configured to alter a parameter of one or more instruments coupled to 
the ion implanter in response to at least the deteimined property of the ion implantation region of the specimen 
using an in situ control technique, a feedback control technique, and/or a feedforward control technique. 

IS An additional embodiment relates to a method of evaluating an hnplanted region of a ^dmen. The 

method may include implanting ions into a region of a specimen using an ion implanter. The measurement device 
may mclude an illumination system and a detection systent In addition, the me&od may mclude dfrecting an 
incident beam of light toward a region of the specimen to periodically excite the region of &e specimen during 
implantation or after implantation, A san^le beam may also be directed to the excited region of the specimen. The 

20 method may also include measuring an intensity of light propagating from the excited region of the specimen using 
the detection system. The method may further include generating one or more output signals in response to the 
measured intensity. Furthermore, the metiiod may include processing the one or more output signals to determine a 
characteristic of the in^lanted region. In addition, the method may include processing the one or more output 
signals to determine other properties of the specimen from the one or more output signals. In an additional 

25 embodiment, a semiconductor device may be fabricated by the metfiod For exan^le, the method may include 
forming a portion of a semiconductor device upon a specunen such as a semiconductor substrate* 

In an embodiment, processing the one or more ou^ut signals to determine a property of an ion 
implantation region may include at least partially processing the one or more output signals using a local processor. 
The local processor may be coupled to the measurement device. Processing the one or more output signals may 

30 also include sending the partially processed one or more output signals from the local processor to a remote 

controller computer. In addition, processing the one or more output signals may include further processmg the 
partially processed one or more output signals using the remote controller co!nq>uter. In an additional embodiment, 
the remote controller computer may be coi^led to the ion uuplanter. In this manner, tibie method may mclude 
altering a parameter of one or more instruments coupled to the ion implanter usimg the remote controller con^uter 

35 in response to at least the determined property of the ion inq)lanted region of the specimen. Altering the parameter 
of the ion m^Dlanter may include using an in situ control technique, a feedback control technique, and/or a 
feedforward control technique. 

Additional embodiments relate to a computer-unplemented method for controlling a system dxat includes 
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an ion implanter and a measurement device. Controlling the system may include controlling the measurement 
device, tiie ion implanter, or both. In addition, the measurement device may include an iltumination system and a 
detBction system. The measurement device may also be coupled to a stage. Controlling the measurement device 
may include controlling the illumination system to direct light toward a sur&ce of the specimen. Additionally, 
5 controlling the measurement device may include ccmtrolling lbs detection system to detect Hg^t propagating from 
the surface of the specimen. The method may also include generating one or more output signals in response to the 
detected light. The cosiputer-implemented method may further include processing the one or more ou^ut signals 
to determine at least a characteristic an implanted region of die specimen. In addition, the method may mclude 
determining other properties of the specimen from the one or more ou^ut signals. 

10 An embodiment relates to a system tiiat includes a process chamber coupled to a measurement device. 

The process chamber may be configured to febricate a portion of a semiconductor device on a specimen. The 
measurement device miay be configured to determine a presence of defects on a specimen. The measurement 
device may be configured to determme a presence of defects on a specimen prior to, during, or after fabrication of a 
portion of the semiconductor device on the specimen. In one embodiment, the measurement device may be 

15 configured to detect micro defects. The system may include a stage configured to support the specimen. The stage 
may be configured to rotate. 

The measurement device may include an illumination system configured to direct energy toward a surface 
of the specimen prior to, during, or after fabrication. Additionally, the measurement device may be configured to 
direct energy toward a surface of the specimen while the stage is stationary or while the stage is rotating. The 

20 measurement device may also include a detection system coupled to the illumination system. The detection system 
may be configured to detect energy propagating from the surface of the specimen. The detection system may detect 
energy prior to, during, or after fabrication. The detection system may also be configured to detect energy while 
the stage is stationary or rotating. The measurement device may also be configured to goierate one or more output 
signals in response to the detected energy* 

25 The system may also include a processor coupled to the measurement device. The processor may be 

configured to a presence of defects on a sur&ce of the specimen from the one or more output signals. The 
processor may also be coupled to the process chamber. The processor may control a parameter of one or more 
instruments coupled to the process chamber. Additionally, the processor may be configured to alter a parameter of 
one or more instruments coupled to the process chamber in response to the detection of micro defects on the sur&ce 

30 of the specimen. 

In an embodiment, the measurement device may include a non-imaging scatterometer, a scatterometer, a 
spectroscopic scatterometer, a refiecCometer, a spectroscopic reflectometer, an eUipsometer, a spectroscopic 
ellipsometer, a bright field and/or dark field imaging device, a bright field and/or dark field non-imaging device, a 
coherence probe microscope, an interference microscope, an optical profilometer, or any combination tilieieof. lii 
35 this manner, the measurement device may be configured to function as a single measurement device or as multiple 
measurement devices. Because multiple measurement devices may be mtegrated into a single measurement device 
of the system, optical elements of a first measurement device, for example, may also be optical elements of a 
second measurement device. 
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In an embodiment, the processor may include a local processor coupled to the measurement device and/or 
the process chamber and a remote controller computer coupled to the local processor. The local processor may be 
configured to at least partially process tiie one or more output signals. The remote controller computer may be 
configured to receive Hhs at least partially processed one or more output signals from the local processor. In 
5 addition, the lemote controller con^uter may be configured to deteimine a presence of defects on the specimen 
from the at least partially processed one or more output signals. Furtheimore, &e remote controller computor may 
be configured to detemiine additional properties of the specimen from the at least partially processed one or more 
output signals. Hie remote controller computer may also be coupled fiie process chainber. In this manner, &e 
remote controller computer may be further configured to alter a parameter of one or more instruments coupled to 

10 the process chamber in response to a determined presence of defects on the specimen using an in situ control 
technique, a feedback control technique, and/or a feedforward control technique. 

An additional embodiment relates to a method of evaluating a presence of defects on a surface of a 
specimen using a system that includes a process tool and a measurement device. The method may be used to detect 
a presence of micro defects on a specimen. The method may include fabricating a portion of a semiconductor 

1 5 device on a specimen using a process tool. The measurement device may include an illumination system and a 
detection system. Inaddition, the method niay include directing eneigy toward a surface of the specimen. The 
method may also include detecting energy propagatmg from the specimen using the detection system. The method 
may further include generating one or more output signals in response to the dstoctsd energy, f^othennore, the 
method may include processing the one or more output signals to determine a presence of defects on the spedmea 

20 The measurement device may be configured to detemiine the presence of defects prior to, during, or after a process. 
The specimen may also be placed on a stage. The method may include determining a presence of defects on the 
specimen while the stage is stationary or a while the stage is rotating. 

In addition, tiie method may include determining other properties of the specimen from the one or more 
output signals. In an additional embodiment^ a semiconductor device may be fabricated by the method. For 

25 example, the method may inchide forming a portion of a semiconductor device upon a specimen such as a 
semiconductor substrate. 

In an embodiment, processing the one or more ou^ut signals to determine a presence of defects on a 
specimen may include at least partially processing the one or more output signals using a local processor. The local 
processor may be coupled to the measurement device. Processing the one or more ou^ut signals may also include 

30 sending the partially processed one or more output signals from the local processor to a remote controller computer. 
In addition, processing the one or more ou^ut signals may include further processing die partially processed one 
or more output signals using die remote controller computer. In an additional embodiment, the remote controller 
computer may be coupled to the process tool In this manner, die method may include altering a parameter of one 
or more instruments coupled to the process tool usiqg the remote controller cotnputer in response to the one or 

35 more output signals. Altering the parameter of the process tool may include using an in situ control technique, a 
feedback control technique, and/or a feedforward control technique. 

Additional embodiments relate to a computer-implemented method for controlling a system that includes a 
process tool and a measurement device. Controlling the system may include controlling die measurement device, 
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the process tool, or both. In addition, Uie measurement device may include an illumination system and a detection 
system. The measurement device may also be coupled to a stage. Controlling the measurement device may include 
controlling the illumination system to direct energy toward a surface of the specimen. Additionally, controlling the 
measuiemimt device may include controlling the detection system to detect energy propagating &om the surface of 
5 the specimen. The method may also inckde generating one or more output signals m response to the detected 
energy. The computer-impIementBd method may further include processmg the one or more output signals to 
determine a pres^ce of defects on the specunen prior to, during, or subsequent to processing, hi addition, the 
processor may be configured to determine other properties of the specimen from the one or more ou^ut signals. 

An embodiment relates to a system that may be configured to determine a presence of defects on multiple 

1 0 surfaces of a specimen. The system may include a stage configured to support the specimen. The system may also 
include a measurement device coupled to the stage. The stage may be configured to move. The measurement 
device may include an illumination system configured to direct energy toward a front side and a back side of the 
specimen. The iUumination. system may be used while the stage is stationaiy or jcnoving. The measurement device 
may also mclude a detection system coupled to the illummation system. The detection system may be configured 

IS to detect energy propagating along multiple paths from tiie front and back sides of the specimen. The system may 
also mclude a processor coupled to the measurement device. The measuimient device may be configured to 
generate one or more output signals in response to the detected light The processor may be configured to 
determine a presence of defects on the front and back sides of the specimen from the one or more ou^ut signals. 

In addition, &e processor may be configured to determine otiher properties of the specimen from the one or 

20 more output signals. In an embodiment, the measurement device may include a non-imagmg scatterometer, a 
scatterometer, a spectroscopic scatterometer, a reflectometer, a spectroscopic reflectometer, an ellipsometer, a 
spectroscopic ellipsometer, a bright field and/or dark field imaging device, a bright field and/or dark field non- 
imaging device, a coherence probe microscope, an mterfer^ce microscope, an optical profilometer, or any 
combination thereof In this maimer, the measurement device may be configured to function as a single 

25 measurement device or as multq)le measurement devices. Because multq>le measurement devices may be 

integrated into a smgle measurement device of the system, optical elements of a first measurement device, for 
example, may also be optical elements of a second measurement device. 

In an embodiment, the processor may include a local processor coupled to the measurement device and a 
remote controller computer coupled to the local processor. The local processor may be configured to at least 

3 0 partially process the one or more output signals. The remote controller computer may be configured to receive the 
at least partially processed one or more output signals from the processor. In addition, the remote controller 
computer may be configured to determme a presence of defects on the front and back sides of the specimen from 
the at least partially processed one or more output signals. Furthermore, the remote controller computer may be 
configured to determine additional properties of the specimen from the at least partially processed one or more 

35 output signals. In an additional embodiment, the remote controller computer may be coupled to a process tool such 
as a semiconductor fabrication process tool In this manner, the remote controller computer may be further 
configured to alter a parameter of one or more instruments coupled to the process tool in response to at least the 
determined first or second proper^ of the specimen using an in situ control technique, a feedback control 
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technique, and/or a feedforward control technique. 

An additional embodiment relates to a method for detennining defects on multiple surfaces of a specimen. 
The method may include disposing a specimen i^on a stage. The stage may be coupled to a measurement device. 
The measurement device may include an illumination system and a detection system. In addition, the method may 
S include directing energy toward a front side and aback side of the specimen using &e iDmnination system. The 
method may also include detecting energy propagating along nuiltq)le paths from the front and bade sides of the 
spttmnen using the detection syst&OL The method may iurther include generating one or more output signals in 
response to the detected energy. Furthermore, the method may inchide processiz^ the one or more output signals to 
detemiine the presence of defects on the front and back sides of the specimen. 
10 In addition, the processor may be configured to detennine other properties of the specimen from the one or 

more output signals. In an additional embodiment, a semiconductor device may be fabricated by the method. For 
example, the method may include forming a portion of a semiconductor device upon a specimen such as a 
sezmconductor substrate. 

M an embodiment, processing the one or more output signals to determine the presence of defects on 

1 S multiple surfiices of the specimen may include at least partially processing the one or more output signals using a 
local processor. The local processor may be coupled to the measurement device. Processing the one or more 
ou^ut signals may also include sending the partially processed one or more output signals from the local processor 
to a remote controller computer. In addition, processing the one or more output signals may include further 
processing the partially processed one or more output signals using the remote controller con^uter. In an 

20 additional embodiment, the remote controller computer may be coupled to a process tool such as a semiconductor 
fabrication process tool. In this manner^ the metfiod may include altering a parameter of one or more instruments 
coupled to the process tool using the remote controller computer m response to a determined presence of defects on 
multiple surfaces of the specimen. Altering the parameter of the instruments miay include usii^ an in situ control 
technique, a feedback control technique, and/or a feedforward control technique. 

25 Additional embodiments relate to a computer-implemented method for controlling a system configured to 

determine defects on multiple surfiices of a specimen. The system may include a measurement device. In this 
manner, controlling the system may include controlling the measurement device. In addition, the measurement 
device may include an illumination system and a detection system. The measurement device may also be coupled 
to a stage. Controlling the measurement device may include controlling the illumination system to direct energy 

30 toward a surface of the specimen. Additionally, controlling the measurement device may include controlling the 
detection system to detect energy propagatmg fcom the surface of the specimen. The stage may be configured to 
move. The method may also include controlling the stage such that the specimen is moved during analysis. The 
method may further include generating one or more output signals m response to the detected energy. The 
computer-implemented method may further include processing &e one or more output signals to determine a 

35 presence of defects on multiple suri^es of the spechnen. 

In an embodiment, any of the systems, as described herein, may be used during the production of a 
semiconductor device. A semiconductor device may be formed using one or more semiconductor processing steps. 
Bach processmg step may cause a change to a specimen. After a processing step, a portion of &e semiconductor 
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device may be formed upon a specimea Prior to, during, or subsequent to a processing step, the specimen may be 
placed on a stage of a system configured to determine at least two properties of the specimen* The system may be 
configuied according to any of the above embodiments. 

After the first and second properties are determined, these properties may be used to detexmme further 
5 processing steps for formation of the semiconductor device. For example, the system may be used to evaluate if a 
semiconductor process is performing adequately. If a semiconductor process is not performing adequately, data 
obtained fix)m die system may be used to detenuine further processing the spechnetL In anoth^ embodiment, 
detection of an incorrectly processed specimen may indicate that the specimen ^ould be removed from the 
semiconductor process. By using a multiple analysis system such as described above, processing of semiconductor 
1 0 devices may be enhanced. The time required for testing may be reduced. Also, the use of multiple tests may 
ensure that only apparently properly processed specimens are advanced to the next processing steps. In this 
manner, yield of semiconductor devices may increase. 



BRIEF DESCRIPnON OF THE DRAWINGS 
1 5 Oihst objects and advantages of the invention will become apparent upon reading the followmg detailed 

description and upon reference to die accompanying dmwings m which: 

Fig. 1 depicts a schematic top view of an embodiment of a specunen having a plurality of dies and a 
plurality of defects on a surface of a specimen; 

Fig. 2a depicts a schematic top view of an embodiment of a stage configured to move rotatably during use 
20 and a measurement device configured to move linearly during use; 

Fig. 2b depicts a schematic top view of an embodiment of a stage configured to move rotatably during use 
and a stationary measurement device; 

Fig. 3 depicts a schematic side view of an embodiment of a system having one illumination system and 
one detection system; 

25 Fig. 4 depicts a schematic side view of an embodiment of a system having multiple illumination systems 

and one detection system; 

Fig'. 5 depicts a schematic side view of an emibodiment of a system having multQ)le illumination systems 
and multiple detection system; 

Fig. 6 depicts a schematic side view of an embodiment of a system havuig one illumination system and 
30 multiple detection systems; 

Fig. 7 depicts a schematic side view of an embodiment of a system having one illumination system and 
multiple detection systems; 

Fig. 8 depicts a schematic side view of an embodiment of a specimen; 

Fig. 9 depicts a schematic top view of an embodiment of a system having a plurality of measurement 

35 devices; 

Fig. 10 depicts a schematic side view of an embodiment of a system configured to determine a critical 
dimension of a specimen; 

Fig. 1 la depicts a schematic side view of an embodiment of a measurement device configured to 
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detennme a cntf cal dimension of a specimen; 

Fig. 1 lb depicts a schematic side view of an embodiment of a portion of a measurement device configured 
to detennine a critical dimension of a specimen; 

Fig. 12 depicts a schematic side view of an oxibodiment of a system configured to detemoine multiple 
properties of mult9)le sur&ces of a specimen; 

Fig. 13 depicts a schematic top view of an embodiment of a systan coupled to a semiconductor fabrication 
process tool; 

Fig. 14 depicts a perspective view of an embodiment of a system configured to be coupled to a 
semiconductor fabrication process tool; 

Fig. 15 depicts a perspective view of an embodiment of a system coupled to a semiconductor fabrication 
process tool; 

Fig. 16 depicts a schematic side view of an embodiment of a system disposed within a measurement 
chamber; 

Fig. 17 depicts a schematic side view of an embodiment of a measurement chaniber airanged laterally 
proximate to a process chamber of a semiconductor febrication process tool; 

Fig. 18 depicts a schematic side view of an embodiment of a system coupled to a process chamber of a 
semiconductor fabrication process tool; 

Fig. 19 depicts a flow chart illustrating an embodiment of a method for determining at least two properties 
of a specimen; 

Fig. 20 depicts a flow chart illustrating an embodiment of a method for processing detected light returned 
from a surface of the specimen; 

Fig. 21 depicts a flow chart illustrating an embodiment of a method for controlling a system configured to 
determine at least two properties of a specimen; 

Fig. 22 depicts a schematic side view of an embodiment of a system coupled to a chemical-mechanical 
polishing tool; 

Fig. 23 depicts a schematic side view of an embodiment of a system coupled to a chemical vapor 
deposition tool; 

Fig. 24 depicts a schematic side view of an embodiment of a system coupled to an etch tool; 

Fig. 25 depicts a schematic side view of an embodiment of a system coupled to an ion implanter; 

Fig. 26 d^icts a schematic side view of an embodiment of a system configured to detennine a 
characteristic of noicro defects on a surface of a specimen; and 

Fig. 27 depicts a schematic side view of an embodiment of a system configured to determine a 
characteristic of defects of multiple surfaces of a specimen. 

While die invention is susceptible to various modifications and alternative forms, specific embodiments 
thereof are shown by way of example in the drawmgs and will herein be described m detail. It should be 
understood, however, that the drawings and detailed description thereto are not intended to limit the invention to 
die particular form disclosed, but on tiie contrary, the intention is to cover all modifications, equivalents and 
alternatives falling within the spirit and scope of the present invention as defined by the upended claims. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Tuming now to the drawings, Fig. 1 illustrates a schematic top view of an embodiment of a surface of 
specimen 10. Specunen 10 may include a substrate such as a monocrystalline silicon substrate, a silicon 
5 germanium substrate, or a gallium arsenide substrate. In addition, specimen 10 may include any substrate suitable 
for fiibrication of semiconductor devices. Specimen 10 may indudephnality of dies 12 having repeatablepattem 
feahues. Alternatively, specimen 1 0 may be unpattemed such as a virgin semiconductor wafer or an unprocessed 
wafer. In addition, specimen 10 may include a glass substrate or any substrate formed from a substantially 
transparent material, which may be suitable for fabrication of a reticle. Furthermore, specimen 10 may include any 
1 0 specimen known in the art. 

In addition, specimen 10 may include one or more layers arranged upon a substrate. For example, layers 
which may be formed on a substrate may include, but are not limited to, a resist, a dielectric material, and/or a 
conductive material. The resist may include photoresist materials that may be patterned by an optical li&ography 
technique. The resist may include odier resists, however, such as e-beam resists or X-ray resists that may be 
1 5 patterned by an e-beam or an X-ray lithography technique, respectively. Examples of an appropriate dielectric 

material may include, but are not limited to, silicon dioxide, silicon nitride, silicon oxyoitiide, and titanium nitride. 
In addition, exan^>les of an appropriate conductive material may include aluminum, poIysUicon, and copper. 
Furthermore, a specimen may also include semiconductor devices such as transistors formed on a substrate such as 
a wafer. 

20 Figs. 2a and 2b illustrate a schematic top view of an embodiment of stage 24 configured to support a 

specimen. The stage may be a vacuum chuck or an electrostatic chuck. In this manner, a specimen may be held 
securely in place on the stage. In addition, the stage may be a motorized translation stage, a robotic wafer handler, 
or any odier suitable mechaiucal device known in the art la an embodiment, the system may include measurement 
device 26 coupled to the stage. As such, the stage may be configured to unpart relative motion to the specimen 

25 wi& respect to the measurement device. In an example, the stage may be configured to move specimen relative to 
the measurement device in a linear direction. The relative motion of the stage may cause an incident beam of 
energy from an energy source of a measurement device to traverse the surface of the specimen while leaving the 
angle of incidence at which light strikes the surface of the specimen substantially unchanged. As used herein, the 
term ''measurement device" is generally used to refer to a metrology device, an inspection device, or a combination 

30 metrology and inspection device. 

As shown in Figs. 2a and 2b, stage 24 may be configured to rotate in clockwise and counterclockwise 
directions as indicated by vector 28 such that a specimen may be oriented with respect to measurement device 26 in 
a plurality of directions. As such, the stage may also be used to correct an orientation of a specimen such that a 
specimen may be substantially aligned with respect to a measurement device during measurement or inspection. In 

35 addition, stage 24 may be further configured to rotate and to move linearly simultaneously. Examples of metiiods 
for aligning a specimen to a measurement device are illustrated in U.S. Patent Nos. 5,682,242 to Eylon, 5,867,590 
to Eylon, and 6,038,029 to Finarov, and are incorporated by reference as if fully set forth herein. 
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In an. embodiment, stage 24 may be further configured to move along a z-axis to alter a distance between a 
specimen and measurement device 26. For exan^le, altering a distance between a specimen and a measurement 
device may substantially focus a beam of energy fix)m an energy source of the measurement device on the surface 
of the specimen. Examples of focusing systems are illustrated in U.S. Patent No. 5,604,344 to Finaiov, and 
5 6, 124,924 to Feldman et al, which are incoiporated by reference as if &lly set foA herein. An example for 

focusing a charged particle beam on a specimen is illustrated in European Patent Application No. £P 1 081 741 A2 
to Pearl et al., and is incorporated by reference as if fully set forth herein. 

As shown in Fig. 2a, stage 24 may be configured to move witii respect to measurement device 26, and the 
measurement device may be configuiGd to move with respect to the stage. For exairtple, measurement device 26 

1 0 may be configured to move linearly along a direction indicated by vector 29 while stage 24 may be configured to 
move rotatably. As such, an incident beam of energy firom an energy source of the measurement device may 
traverse a radius of the stage as the stage is rotating. 

As shown in Fig. 2b, measurement device 30 may be configured to be relatively stationary iti a position 
relative to stage 24. Devices (not shown) mcluding, but not Imiited to, a deflector such as an acousto-optical 

1 5 deflector ("AOD**) within measurement device 30 may be configured to linearly alter a position of an incident beam 
with respect to the stage. An example of an AOD is illustrated in PCT Application No. WO 01/14925 Al to Allen 
et al, and is mcoiporated by reference as if fully set forth herein. Ija this manner, the incident beam may be traverse 
a radius of the stage as the stage is rotating. In addition, by altcdng a position of an incident beam with respect to 
the stage using such devices, registry of the measurement device with a pattern formed on a surface of a specimen 

20 may be maintained. The device may be configured to cause an iacident beam of energy firom an energy source of 
the measurement device to traverse the surface of the specimen while leaving the angle of incidence at which the 
beam of energy strikes the sur&ce of the specimen substantially unchanged. 

In a further embodiment, measurement device 30 may include a plurality of energy sources such as 
illumination systems and a plurality of detection systems. The plurality of illumination systems and the plurality of 

25 detection S3rstems may be arranged in two linear arrays. The illumination systems and Ihe detection systems may 
be arranged such that each illumination system may be coiq)led to one of the detection syst^ns. As such, 
measurement device 30 may be configured as a linear imaging device. In this manner, the measurement device 
may be configured to measure or inspect any location on a surface of specimen substantially simultaneously or 
sequentially. In addition, the measurement device may be configured such that measurements may be made at 

30 multiple locations on a specimen substantially simultaneously while the stage may be rotating. Furthermore, the 
stage and the measurement device may be configured to move substantially continuously or intermittendy. For 
example, the stage and the measurement device may be moved intermittently such that the system may be 
configured as a move-acquire-measure system. 

A measurement device and stage configured, as described above, to control and alter the measurement or 

3 5 inspection location of the specimen may provide several advantages in comparison to currently used systems. For 
example, currently used systems configured to mspect multiple locations on a specimen may include a stationary 
measurement device and a stage configured to move laterally in two independent directions. Alternatively, 
currently used systems may include a stationary stage and a measurement device configured to alter a position of an 
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beam of energy 'mcidsnt on a spcchnen by altermg a posidon of two suzrors in a Sist direcdan and a position of 
two mirrors in a second direction. An exan^le of such a system is illustrated in U.S. Patent Nos. 5,5 17,3 12 to 
Finarov and 5,764,365 to Finarov, and are incorporated by reference as if fully set forth herein. An additional 
system may include a stage configured to rotate and a laser light source configured to move radially. Such a system 
S may be unsuitable for measurement or inspecting a patterned specimen. Additional ^camples of cuirentiy used 
systems are illustrated in U.S. Patent No. 5,943, 122 to Hohnes, and is incoiporated by reference as if fully set forth 
herein. 

As the lateral dimension of specimens such as wafers increases to 300 mm, moving a specimen linearly 
during inspection or measurement may become impractical due to space requirements of a typical semiconductor 
10 fabrication facility. In addition, moving such a specimen may become extremely expensive due to the cost of 
maintaining a relatively larger clean space for such tools. As such, a system configured as described in above 
embodiments may be configured to inspect or measure an entire surface of a specimen without linearly moving the 
specimen. 

Fig. 3 illustrates a schematic side view of an embodiment of system 32 configured to determine at least 

15 two properties of a specimen. System 32 may inchide measurement device 34 having illumination system 36 and 
detection system 38. Illumination system 36 may be configured to direct light toward a surface of specimen 40 
disposed upon stage 42. Stage 42 may be configured as described in above embodiments. Detection system 38 
may be coupled to illumination system 36 and may be configured to detect light propagating from the surface of the 
specimen. For example, detection system 38, illumination system 36, and additional optical components may be 

20 arranged such that spectrally reflected light or scattered Hght propagating firom the surface of specimen 40 may be 
detected by the detection system. 

Uluinination system 36 may include energy source 44. Energy source 44 may be configured to emit 
monochromatic light For exan^le, a suitable monochromatic light source may be a gas laser or a solid state laser 
diode. Alternatively, the energy source may be configured to emit electromagnetic radiation of multq>le 

25 wavel^ths, which may include ultraviolet hght, visible hght, infis-red light, X-rays, gamma rays, microwaves, or 
radiO'G:€quencies, Jn addition, the energy source may he configured to emit another source of energy source such 
as an beam of electrons, protons, neutrons, ion, or molecules. For example, a thermal field emission source is 
typically used as an electron source. 

Detection system 38 may include detector 46. Detector 46 may include light sensitive sensor devices 

30 including, but not limited to, a photodetector, a multi-cell photodetector, an interferometer, an array of photodiodes 
such as a linear sensor array, a conventional spectrophotometer, a position sensitive detector, photomultiplier tubes, 
avalanche photodiodes, a charge-coupled device ("CCD*') camera, a time delay integration (*TDr ') camera, a video 
camera, a pattern recognition device, and an imaging system. In addition, the detector may include solid state 
detectors such as Schottky solid state barrier detectors. 

35 In addition, measurement device 34 may include any munber of additional optical components (not 

shown). Appropriate optical components may include, but are not limited to, beam sphtters or dichroic mirrors, 
quarter wave plates, polarizers such as linear and circular polarizers, rotating polarizers, rotating analyzers, 
collimators, focusing lenses, additional lenses, folding minors, partially transmissive mirrors, filters such as 
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spectral or polarizing filter, spatial filters, reflectors, deflectors, and modulators. Bach of the additional optical 
components may be coupled to or disposed within tiie illumination system or the detection system. Furthermore, 
the measurement device may include a number of additional electromagnetic devices (not shown) that may include 
magnetic condenser lenses, magnetic objective lenses, electrostatic deflection systems, beam limiting apertures, and 
5 Wien filters. 

An arrangement of the lUumiDation system, the detection system, and additional optical and 
electromagnetic components may vary depending on, for example, the technique or techniques used to dcteimine at 
least the two properties of the specimen. The arrangement of the illumination system, the detection system, and 
additional optical and electromagnetic components may also depend on the properties of the specimen, which are 

1 0 being determined. For example, as shown in Fig. 3, measurement device 34 may include optical con^onent 48 
disposed within or coupled to illumination system 36. Optical component 48 may include, but is not limited to, a 
polarizer, a spectral or polarizing filter, and a quarter wave plate. In addition, measurement device 34 may include 
beam splitter 50 and optical component 52. Optical con^nent 52 may be disposed within or coi^led to detection 
system 38. Optical corr^onent 52 may mclude, but is not limited to, a quarter wave plate, a collimator, and a 

15 focusing lens. 

Figs. 4-7 illustrate alternate embodiments of measurement device 34 of system 32. As will be further 
described herein, elements of system 32, which may be similarly configured in each of the embodiments illustrated 
in Figs, 3-7 have been indicated by the same reference characters. For example, energy source 44 may be similarly 
configured in each of the embodiments illustrated in Figs. 3-7. As shown in Fig. 4, measurement device 34 may 

20 mclude a plurality of energy sources 44. Each of energy sources may be configured to emit substantially similar 
types of energy or different types of energy. For example, the plurahty of energy sources 44 may include any of 
the light sources described herein. The light sources may be configured to emit broadband light. Alternatively, the 
light sources may include two emit different types of light For example, one of the light sources may be 
configured to emit light of a single wavelength, and the other light source may be configured to emit broadband 

25 Hght In addition, the energy sources may be configured to direct a beam of energy to substantially the same 

location on tiie surface of specimen 40, as shown ia Fig. 4. Alternatively, the plurality of energy sources 44 may be 
configured to direct a beam of eneigy to substantially different locations on the sur&ce of specimen 40, as shown in 
Fig. 5. For example, as shown m Fig. 5, Ihe plurality of energy sources may be configured to direct energy to 
laterally spaced locations on the surface of specimen 40. The plurality of energy sources shown in Fig. 5 may also 

30 be configured as described above. 

As shown in Fig. 4, measurement device may include detector 46 coupled to the plurahty of energy 
sources 44. In this manner, detector 46 may be positioned with respect to the plurality of energy sources such that 
the detector may be configured to detect different types of energy propagating fi:om the surface of specimen 40 
such as specularly reflected light and scattered light The detector may also be configured to detect different types 

35 of energy propagating from the sur&ce of the specimen substantially simultaneously. For example, the .detector 
may include an array of photodiodes. A first portion of the array of photodiodes may be configured to detect only 
incident light from one of the plurahty of tight sources propagating fix>m the sur&ce offhs specimen. A second 
portion of the array of photodiodes may be configured to detect only mcident light &om the other of the plurality of 
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light source propagating from the surface of the specimen. As such, the detector may be configured to detect 
incident light from each of a plurality of light sources propagating from the sutfice of the specimen substantially 
simultaneously. Alternatively, the plurality of energy sources may be configured to intermittently direct eneigy to 
the surface of the specimen. As such, the detector may be configured to detect mcident ^ergy from each of the 
5 phmHity of energy sources propagaticg fiiom the surface of the specimen intermittenlly. 

As shown in Fig. 5, measurement device 34 may inchide a plurality of detectors 46. Each of the plurality 
of detectors may be coupled to one of the plurality of energy sources 44. In this manner, each detector 46 may be 
positioned with respect to one of the energy sources such that the detector may be configured to detect incident 
energy from one of the energy sources propagating from the surfece of specimen 40. For example, one of the 

10 detectors may be positioned witii respect to a first light source to detect light scattered from the surface of the 
specimen. In an example, scattered light may include dark field light propagating along a dark field path. A 
second of the plurality of detectors may be positioned with respect to a second light source to detect light specularly 
reflected from the surface of the specimen such as bright field light propagating along a bright field path. The 
plurality of detectors may be configured as described in above embodiments. For example, the plurality of 

15 detectors may include two different detectors or two of the same type of detectors. For example, a first detector 
may be configured as a conventional spectrophotometer, and a second detector may be configured as a quad-cell 
detector. Alternatively, both detectors may be configured as an array of photodiodes. 

As shown in Fig. 4, measurement device 34 may also include multiple optical components 48. For 
example, optical components 48 may be coupled to each of the plurality of energy sources 44. In an example, a 

20 first of the optical components may be configured as a polarizer, and a second of the optical components may be 
configured as a focusing lens. Alternatively, as shown in Fig, 5, measurement device 34 may include one optical 
component 48 coupled to each of the plurality of energy sources 44. Each of the optical coinponents 48 may be 
configured as described herem. In addition, as shown in Fig. 5, measurement device 34 may mclude an optical 
coirqponent such as beam splitter SO coupled to one of die plurality of energy sources. For example, beam splitter 

25 50 may be positioned along a path of light directed fit)m a ligiht source. Beam splitter 50 may be configured to 
transmit light from the Kght source and to reflect light propagating from the surfiice of the specimen. The beam 
splitter may be configured to reflect light propagating from the surface of the specimen such that the reflected hght 
may be directed to detector 46. In addition, beam splitters may be positioned along a path of the light directed from 
each of the plurality of hght sources. Optical component 52 may also be coupled to detector 46, as shown in Fig. 4, 

30 and may be configured as, for exwaiplQ, a quarter wave plate, a collimator, and a focusing lens. Optical component 
52 may be fiirther configured as described herein. Multiple optical components 52 may also be coupled to each of 
die detectors. The position and tbe configuration of each of the optical con^>onent5 may vary, however, depending 
on the properties of the specunen to be determined by the system as will be described in more detail below. 

Figs. 6 and 7 illustiate schematic side views of additional embodiments of system 32. As shown in these 

35 figures, measurement device 34 may include a single energy source 44. ha addition, measurement device 34 may 
mclude a plurality of detectors 46. The detectors may include any of devices as described herein. Each of the 
plurality of detectors 46 may be positioned at a different angle with respect to energy source 44. For example, as 
shown in Fig. 6, one of the detectors may be configured to detect dark field light propagating along a dark field 
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path. The second detector may be configured to detect brigjht field light propagating along a bright field path. 
Alternatively, as shown in Fig. 7, eacK of the plurality of detectors may be configured to detect specularly reflected 
ligiht. The plurality of detectors may be similarly configured, for exanq>le, as photodiode anays. Alternatively, the 
plurality of detectors may be configured as different detectors such as a conventional spectropbotometer and a quad 
cell detector 

In addition, the illumination system may be configured to direct different types of energy to Ifae sur&ce of 
the specimen at varying intervals. For example, the eneigy source may be configured to emit one type of light As 
shown in Fig. 7, optical component 48 may be coupled to energy soiux:e 44. Optical component 48 may also be 
configured to alter the light emitted by energy source 44 at varying intervals. For example, optical component 48 
may be configured as a plurality of spectral and/or polarizing filters that may be rotated in a path of the light 
emitted by energy source 44 at varying intervals or a liquid crystal display (*XCD") filter that may be controlled by 
a controller coupled to the filter. Hie controller may be configured to alter the transmissive, reflective, and/or 
polarization properties of the LCD filter at varying intervals. The properties of the LCD filter may be altered to 
change a spectral property or a polarization state of the light emitted from the energy source. In addition, each of 
the plurality of detectors may be suitable to detect a different type of light propagating from die surface of &e 
specimen. As such, the measurement device may be configured to measure substantially difTeient optical 
characteristics of the specimen at varying intervals. In fliis manner, measurement device 34 may be configured 
such that energy directed to the sur&ce of the specim^ and the energy returned firom the surface of the spechnen 
may vary depending on, for example, the properties of the specimen to be measured using the system. 

In an embodiment, system 32, as shown in Figs. 3-7, may include processor 54 coupled to measurement 
device 34. The processor may be configured to receive one or more output signals generated by a detector of the 
measurement device. The one or more output signals may be representative of the detected energy returned from 
the specimen. The one or more ou^ut signals may be an analog signal or a digital signal. The processor may be 
configured to determine at least a first property and a second property of the specimen from the one or more output 
signals generated by the detector. Ihe first property may include a critical dimension of spechnen 40, and the 
second property may include overlay misregistration of specimen 40. For example, tiie measurement device may 
include, but is not limited to, a scatterometer, a non-imaging scatterometer, a spectroscopic scatterometer, a 
refiectometer, a spectroscopic refiectometer, an ellipsometer, a spectroscopic ellipsometer, a beam profile 
eliipsometer, a bright field imaging device, a dark field imaging device, a bright field and dark field imaging 
device, a bright field non-imaging device, a dark field non-imaging device, a bright field and dark field non- 
imaging device, a coherence probe microscope, an interference microscope, an optical profilometer, or any 
combination thereof. In this manner, the system may be configured as a single measurement device or as multiple 
measmement devices. 

Because multiple measurement devices may be integrated into a single system, optical elements of a first 
measurement device, for example, may also be used as optical elements of a second measurement device. In 
addition, multiple measurement devices may be coupled to a common stage, a common handler, and a common 
processor. The handler may mclude a mechanical device configured to dispose a specimen on the common stage 
and to remove a specimen firom the common stage or any otiier handler as described herein. In addition, Ihe system 
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may be configured to detennine a critical dimension and an overlay misregistration of a specimen sequentially or 
substantially simultaneously. In this manner, such a system may be more cost, time, and space e£Bcient than 
systems currently used in the s^conductor industry. 

Fig. 8 illustrates a schematic side view of an embodiment of a specimen. As shown in Fig. 8, a plurality of 
S features 56 may be formed xxpon vappet surface 58 of specimen 60. For example, features formed on an upper 
surface of the specimen may include local interconnects, gate structures such as gate electrodes and dielectric 
sidewall spacers, contact holes, and vias. The plurality of features, however, may also be formed within the 
specimen. Features formed within the specimen may include, for example, isolation structures such as field oxide 
regions mUhin a semiconductor substrate and trenches. A critical dimension may include a lateral dimension of a 

1 0 feature defined in a direction substantially parallel to an upper surface of the specimen such as width 62 of feature 
56 on specimen 60. Therefore, a critical dimension may be generally defined as the lateral dimension of a feature 
when viewed in cross section such as a width of a gate or interconnect or a diameter of a hole or via. A critical 
dimension of a feature may also include a lateral dimension of a feature defined in a direction substantially 
perpendicular to an upper surface of the specimen such as height 64 of feature 56 on specimen 60. 

IS In addition, a critical dimension may also include a sidewall angle of a feature. A **sidewall angle" may be 

generally defined as an angle of a side (or lateral) surface of a feature with respect to an upper sur&ce of the 
specimen. In this manner, a feature having a substantially uniform width across a height of the feature may have 
sidewall angle 66 of approximately 90*^. Features of a specimen such as a semiconductor device that have a 
substantially uniform width across a height of the features may be formed relatively closely together thereby 

20 increasing device density of the semiconductor device. In addition, such a device may have relatively predictable 
and substantially uniform electrical properties. A feature having a tapered profile or non-uniform width across a 
height of the feature may have sidewall angle 68 of less than approximately 90**. A tapered profile may be desired 
if a layer may be formed upon the feature. For example, a tapered profile may reduce the formation of voids within 
the layer formed upon the feature. 

25 Overlay misregistration may be generally defined as a measure of the displacement of a lateral position of 

a feature on a first level of a specimen with respect to a lateral position of a feature on a second level of a specimen. 
The first level may be formed above the second level. For exaniple, overlay misregistration may be representative 
of the alignment of features on multiple levels of a semiconductor device. Ideally, overlay misregistration is 
approximately zero such that features on a first level of a specimen may be perfectly aligned to features on a second 

30 level of a specimen. For example, a significant overlay misregistration may cause undesirable contact of electrical 
features on first and second levels of a specimen. In this manner, a semiconductor device formed on such a 
significantiy misaligned specimen may have a number of open or short circuits thereby causing device failure. 

An extent of overlay misregistration of a specimen may vary depending on, for example, performance 
characteristics of a lithography process. During lithography, a reticle, or a mask, may be disposed above a resist 

35 arranged on a first level of the specimen. The reticle may have substantially transparent regions and substantially 
opaque regions that may be configured in a pattern, which may transferred to the resist The reticle may be 
positioned above a specimen by an e3q)osure tool configured to detect a position of an alignment mark on the 
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specimeiL In Ms maimer, overlay naisregistration may be caused by performance limitations of an exposure tool to 
detect an alignment mark and to alter a position of the reticle with respect to the specimen. 

Fig. 9 illustrates a schematic top view of an embodiment of system 70 having a plurality of measurement 
devices. Each of&enieasuremeait devices niay be configured as described herein. For example, each of the 
5 measurement devices may be configured to determine at least one property of a specimen. In addition, each of the 
measurement devices may be configured to detemcune a different property of a specimen. As such, system 70 may 
be configured to determine at least fom: properties of a specimen. For exan^le, measurement device 72 may be 
configured to determine a critical dimension of a specimen. In addition, measurement device 74 may be configured 
to determine overlay misregistration of the specimen in a first lateral direction. Measurement device 76 may be 

10 configured to determine overlay misregistration of the specimen in a second lateral direction. The first lateral 

direction may be substantially orthogonal to the second lateral direction. Furthermore, measurement device 78 may 
be configured as a pattern recognition device. As such, system 70 may be configured to determine at least four 
properties of the specimen simultaneously or sequentially. In addition, each of the measurement devices may be 
configured to determine any property of a specimen as described herein. 

15 Fig. 10 illustrates a schematic side view of an embodiment of system 80 configured to determme at least 

two properties of a specimen. For exan^le, system 80 may be configured to determine at least a critical dimension 
of a specimen. As such, system 80 may be included in system 70 as described in above embodiments. System 80 
may include broadband light source 82. The terai '^broadband lighf* is generally used to refer to radiation having a 
fiequency-amplitude spectrum that includes two or more different fi:equency components. A broadband firequency- 

20 amplitude spectrum may include a broad range of wavelengths such as from approximately 190 nm to 

approximately 1700 nm. The range of wavelengths, however, may be larger or smaller depending on, for example, 
the light source capability, the sample being illuminated, and the property being detennined. For example, a xenon 
arc lamp may be used as a broadband light source and may be configured to emit a light beam including visible and 
ultraviolet light. 

25 System 80 may also incltide beam splitter 84 configured to direct light emitted from light source 82 to a 

surface of a specimen 85. The beam splitter may be conf^ured as a beam sphtter mirror tifiat may be configured to 
produce a contmuous broadband spectrum of Ught. System 80 may also include lens 86 configured to focus light 
propagating from beam splitter 84 onto a surface of specimen 85. Light returned from the surface of specimen 85 
may pass through beam splitter 84 to diffraction grating 88. The diffraction grating may be configiu^d to disperse 

30 light returned from the surface of the specimen. The dispersed light may be directed to a spectrometer such as 
detector array 90. The detector array may include a linear photodiode array. The light may be dispersed by a 
dif&action grating as it enters the spectrometer such that the resulting first order diffraction beam of the sample 
beam may be collected by the linear photodiode array. Examples of spectroscopic reflectometers are illustrated in 
U.S. Patent Nos. 4,999,014 to Gold et al., and 5,747,813 to Norton et aL and are incoiporated by reference as if 

35 fiilly set forth herein. 

The photodiode array, therefore, may measure the reflectance spectrum 92 of the light returned from the 
surface of the specimen, A relative reflectance spectrum may be obtained by dividing the intensity of the returned 
light of the reflectance spectrum at each wavelength by a relative reference intensity at each wavelength. A relative 
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reflectance spectrum may be used to detemiine the thickness of various films on the wafer. In addition, the 
reflectance at a single wavelength and the refractive index of the film may also be determined from the relative 
reflectance spectima Furthermoie, a model method by modal e^ansion f'MMME") model 94 may be used to 
generate library 96 of various reflectance spectrums. The MMMB model is a rigorous dii&action model that may 
5 be used to calculate the theoretical di£&acted light ''fingerprint'* firom each grating in &e parameter space. 

Alternative models may also be used to calculate the theoretical dif&acted light, howevra, including, but not limited 
to, a rigorous couplirjg waveguide analysis ("RCWA") model. The measured reflectance spectrum 92 may be fitted 
to a the various reflectance spectrums m library 96. The fitted data 97 may be used to determine critical dimension 
95 such as a lateral dimension^ a height, and a sidewall angle of a feature on the sur&ce of a specimen as described 

10 herein. Examples of modeling techniques are illustrated in PCT Application No. WO 99/45340 to Xu et al., and is 
incorporated by reference as if fully set forth herein. 

Fig. 1 la and 1 lb ilhistrate additional schematic side views of an embodiment of measurement device 98 
configured to determine a property such as a critical dimension of a specimen. The measurement device may be 
coiqpled to system 80 described above. Measurement device 98 may include fiber optic light source 100. The fiber 

1 5 optic light source may be configured to emit and direct light to coUimating mirror 102. Collimatmg mirror 102 
may be configured to alter a path of the light emitted by the fiber optic light source such ^t it propagates toward a 
surface of specimen 104 in substantially one direction along path 106. Light emitted by fiber optic light source 100 
may also be directed to reflective minor 108. Reflective mirror 108 may be configured to direct the light emitted 
by the fiber optic light source to reference spectrometer 1 10. Reference spectrometer 1 10 may be configured to 

20 measure an intensity of light emitted by the fiber optic light source. In addition, reference spectrometer 110 may be 
configured to generate one or more output signals in response to the measured intensity of light As such, the signal 
generated by reference spectrometer 110 may be used to monitor variations in the intensity of light emitted by the 
fiber optic light source. 

Measurement device 98 may also include polarizer 112. Polarizer 112 may be oriented at a 45 " angle 
25 with respect to path 106 of the light Polarizer 1 12 may be configured to alter a polarization state of the lig^t such 
that light propagating toward a sur&ce of die specimen may be Hnearly or circularly polarized. Measurement 
device 98 may also include light piston 1 14 positioned along path 106 of the light The light piston may be 
configured to alter a direction of the path of the light propagating toward the surface of the specimen. For exanq>le, 
portion 1 15 of the measurement device may be configured to move with respect to the specimen to measure 
30 multiple locations on the specimen. In this manner, the hght position may be configured to cause light propagating 
along path 106 to traverse the surface of the specimen while leaving the angle of incidence at which light strikes the 
sur&ce of Ihe specimen substantially unchanged. 

The measurement device may also include apodizer 1 16. Apodizer 116 may have a two dimensional 
pattern of alternating relatively high transmittance areas and substantially opaque areas. The alternating pattem 
35 may have a locally averaged transmittance function such as an apodizing function. As such, an apodizer may be 
configured to reduce a lateral area of an illuminated region of a specimen to improve a focusing resolution of the 
measurement device. The measurement device may also include a plurality of mirrors 118 configured to direct 
light propagating along path 106 to a surface of a specimen. In addition, the measurement device may also include 
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reBcctmg objective 120 configured to direct die light to die surSsce of die speczmeo. For example, a statable 
leflectmg objective may have a numerical aperture C'NA") of approximately 0.1 such diat light may be may be 
directed at a sur&ce of the specimen at high angles of incidoice. 

Light returned from the surface of the specunen may be reflected by objective lens 120 and one of the 
5 mirrors to analyzer 122. Analyzer 122 may be configured to ^lit the light letunied from the surface of th^ 

specimen into two reflected light beams based on the polarization state of tiie light For example, analyzer 1 12 may 
be configured to generate two separate beams of light having substantially different polarization states. As shown 
in Fig. 1 lb, measurement device may also include autofocus sensor 124. Autofocus sensor 124 may include a split 
photodiode detector configured to receive a substantially focused image of the illuminated spot on the specimen. 

1 0 The focused image of the spot may be provided by beam splitter 125 positioned along an optical path between 
analyzer 122 and mirror 118. For example, the beam splitter may be configured to direct a portion of the light 
returned from specimen 104 to the autofocus sensor. Autofocus sensor 124 may include two photodiodes 
configured to measure an intensity of the image and to send a signal representative of the measured intensity to a 
processor. The output of autofocus sensor may be called a focus signal. The focus signal may be a function of 

1 5 sample position. Hie processor may be configured to determine a focus position of the specimen with respect to 
the measurement device using a position of an extremum m the focus signal 

The measurement device may also include mirror 126 configured to direct light returned from the surface 
of the specimen to spectrometer 128. Spectrometer 128 may be configured to measure an intensity of the s and p 
components of reflectance across a spectrum of wavelengths. The term "s component" is generally used to describe 

20 the conq)onent of polarized radiation having an electrical field that is substantially perpendicular to the plane of 

incidence of the reflected beam. The term **p component" is generally used to describe the component of polarized 
radiation havmg an electrical field in the plane of incidence of the reflected beam. The measured reflectance 
spectrum may be used to determine a critical dimension, a height, and a sidewall angle of a feature on the surface of 
the specimen as described herein. For exaxnpls^ a relative reflectance spectrum may be obtained by dividing the 

25 intensity of the returned light at each wavelength measured by spectrometer 12$ by a relative reference intensity at 
each wavelength measured by reference spectrometer 1 10 of the measurement device. Hie relative reflectance 
spectrum may be fitted to a theoretical model of tiie data such that a critical dimension, a height, and a sidewall 
angle may be determined. 

In an embodiment, as shown in Fig. 9, measurement device 74 and measurement device 76 of system 70 
30 may be configured as a coherence probe microscope, an interference microscope, or an optical profilometer. For 
exan^le, a coherence probe microscope may be configured as a specially adapted Linnik microscope in 
combination with a video camera, a specimen transport stage, and data processing electronics. Alternatively, other 
mterferometric optical profilmg microscopes and techniques such as Fringes of Bqual Chromatic Order ('TBCO*'), 
Nomarski polarization interferometer, differential interference contrast (*T)IC")> Tolansky mult^le-beam 
35 interferometry, and two-beam-based interferometry based on Michelson, Fizeau, and Murau may be adapted to the 
system. The measurement device may utilize either broad band or relatively narrow band light to develop a 
plurality of interference images taken at different axial positions (elevations) relative to the surface of a specimen. 
The interference images may constitute a series of image planes. The data in tiiese planes may be transformed by 
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an additive transfcnnation on video signal intensities. Tbo trsnsfomed image data may be used to detennine an 
absoiute mutual coherence between the object wave and reference wave for each pixel in the transformed plane. 
Syn&etic images may be fomied whose brigfhtaess may be proportional to the absolute mutual coherence as the 
optical path Isogth is varied. 

5 In an embodiment, a measurement device configured as an interference microscope may include a energy 

source such as a xenon lanc^ configured to emit an incident beam of light An appropriate energy source may also 
include a light source configured to emit coherent light such as light that may be produced by a laser. The 
measurement device may further include additional optical components configured to direct the incident beam of 
light to a surface of die specimen. Appropriate additional optical components may include condenser lenses, filters, 

1 0 diffusers, aperture stops, and field stops. Additional optical components may also include beam splitters, 
microscopic objectives, and partially transmissive mirrors. 

The optical components may be arranged within tiie n:ieasurement device such that a first portion of the 
mcident beam of light may be directed to a surface of a specunen. The optical conq>on6nts may be further arranged 
within the measurement device such that a second portion of the incident beam of light may be directed to a 

1 5 reference mirror. For example, the second portion of die incident beam of light may be generated by passmg the 
incident beam of light through a partially transmissive mirror prior to directing the sample beam to a surface of the 
specimen. Light reflected firom the surface of the specimen may then be combined with light reflected firom the 
reference mirror. In an embodiment, the detection system may include a conventional interferometer. The 
reflected incident beam of light may be combined with the reference beam prior to striking the interferometer. 

20 Since the incident beam of light reflected &om the surface of the specimen and the reference beam reflected firom 
the reference mirror are not in phase, interference patterns may develop in the combined beam. Intensity variations 
of the interference patterns in the combined beam may be detected by the interferometer. 

The interferometer may be configured to generate a signal responsive to the detected intensity variations of 
the interference patterns of the combined beam. The generated signal may be processed to provide surface 

25 information about the measured surface. The measurem^ device may also include a spotter microscope to aid in 
control of the incident beam of light The spotter microscope may be electronically coupled to the measaxement 
device to provide some control of the incident beam of light Examples of interference microscopes and methods 
of use are illustrated in U.S. Patent Nos. 5,112,129 to Davidson et at, 5,438,313 to Mazor et al., 5,712,707 to 
Ausschnitt et al., 5,757,507 to Ausschnitt et al., 5,805,290 to Ausschnitt et al., 5,914,784 to Ausschnitt et at, 

30 6,023,338 to Bareket, all of which are mcorporated by reference as if fully set forth herein. 

In an additional embodiment, a measurement device configured as an optical profUometer may be used to 
determine a height of a surface of a specimen. Optical profilomieters may be configured to use light scattering 
techniques, l^t sectionmg, and various interferometric optical profihng techniques as described h^em. An optical 
profilometer may be configured to measure interference between Ug^t on two beam paths. As a height of a surface 

35 of a specimen changes, one of the beam path lengths may change thereby causing a change tu the interference 
patterns. Therefore, the measured interference patterns may be used to determine a height of a surface of a 
specimen. A Nomarski polarization interferometer may be suitable for use as an optical profilometer. 
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In an embodiment, an optical profilometer may include a light source such as a tungsten halogen bulb 
configured to emit an incident beam. The light source may be configured to emit light of various wavelengths such 
as infrared light, ultraviolet light, and/or visible hght. The light source may also be configured to emit coherent 
light such as light produced from a laser. The optical profilometer may also include optical coixq;)onents configured 
S to direct the light to a sur&ce of a specimen. Such optical consonants may include any of the optical con:q>onents 
as described herein. The optical profilometer may further include a rotating analyzer configured to phase shift the 
electromagnetic radiation, a charge coupled device ("CCD") camera, a frame grabber, and electronic processii^ 
circuits. A frame grabber is a device that may be configured to receive a signal from a detector such as a CCD 
camera and to convert the signal (i.e., to digitize an image). A quarter wavelength plate and spectral filter may also 

10 be included in the optical profilometer. A polarizer and Nomarski prism may be configured to illuminate the 

specimen with two substantially orthogonally polarized beams laterally offset on the specimen surface by a distance 
smaller than the resolution limit of the objectives. After returned from the specimen, the light beams may be 
recombined by the Nomarski prism. 

In an embodiment the optical profilometer may include a conventional interferometer. Interference 

1 5 patterns of the recombined light beanos may be detected by the interferometer. The detected interference patterns 
may be used to determine a surface profile of the specimen. An example of an optical profilometer is illustrated in 
U.S. Patent No. 5,955,661 to Samsavar et al., which is incorporated by reference as if fully set forth herein. An 
example of a measurement device configured to determine overlay misregistration is illustrated in U.S. Patent 
Application Serial No. 09/639,495, •'Metrology System Using Optical Phase," to Nikoonahad et al., filed August 

20 14, 2000, and is incorporated by reference as if fully set forth herein. 

In an embodiment, measurement device 78 may be configured as a pattern recognition device. 
Measurement device 78 may include a lig^t source such as a lamp configured to emit broadband light, which may 
include visible and ultraviolet radiatioiL The measurement device may also include a beam ^htting micror 
configured to direct a portion of the light emitted by the hght source to an objective thereby formmg a staaple beam 

25 of Hg^t The objective may include reflective objectives having several magnifications. For exan^k, the objective 
may inchide a 15x Schwartzchild design all-reflective objective, a 4x Nikon CFN Plan Apochromat, and a Ix UV 
trntswissivQ objective. The three objectives may be movnted on a turret configured to rotate such tibat one of the 
three objective may be placed in a path of the sample beam of light. The objective may be configured to dkect the 
sample beam of light to a surface of a specimen. 

30 Light returned from the surface of the specimen may pass back through the objective and the beam 

splitting mirror to a sainph plate of Hbs measurement device. The sample plate may be a reflective fused silica 
plate with an aperture formed through the plate. The light returned firom the surface of the specimen may be 
partially reflected off of the sanq>Ie plate and through a relatively short focal Iraigth achromat The returned Ught 
may be reflected from a folding mirror to a beam splitter cube. The beam splitter cube may be configured to direct 

35 a portion of the returned hght to a pentaprism. The pentaprism may be configured to reflect &e portion of the 

returned light. The reflected portion of the returned light may also pass through additional optical conqwnents of 
measurement device 78 such as a relatively long focal lengtti achromat and a filter. The reflected portion of the 
returned light may pass to a folding mirror configured to direct the returned light to a video camera, hi addition, 
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the video camera may be configured to generate a non-inverted image of the surface of the specimen. An example 
of a pattern recognition device is illustrated in U.S. Patent No. 5,910,842 to Piwonka-Corle et al., and is 
incorporated by reference as if fully set forth herein. 

In an additional einbodiment, the measurement device may be configured as a non-imaging scatterometer, 
S a scatterometer, or a spectroscopic scatterometer. Scatterometty is a techjuque involving the angle-resolved 

measurement and characterization of light scattered fiom a structure. For exan^le, structures arranged in a periodic 
pattern on a specimen such as repeatable pattern features may scatter or dif&act incident light into different orders. 
A diffracted light pattern from a stmcture may be used as a **fmgeiprinf ' or ''signature*' for identifying a property of 
the repeatable pattern features. For example, a diffracted light pattem may be analyzed to determine a property of 

1 0 repeatable pattem features on a surface of a specimen such as a period, a width, a step heigiht, a sidewall angle, a 
thickness of underlying layers, and a profile of feature on a specimen. 

A scatterometer may include a light source configured to direct light of a single wavelength toward a 
surface of tiie specimen. For example, the light source may include a gas laser or a solid state laser diode. 
Alternatively, the light source may be configured to direct light of multiple vtravelengths toward a surface of the 

15 specimen. As such, the scatterometer may be configured as a spectroscopic scatterometer. In an example, the light 
source may be configured to emit broadband radiation. An appropriate broadband light source may include a white 
light source coupled to a fiber optic cable configured to randomize a polarization state of the ^tted light and may 
create a substantially uniform incident beam of light. Light emitted from the fiber optic cable may pass through a 
plurality of optical components arranged within the measurement device. For example, light emitted from the fiber 

20 optic cable may pass through a slit aperture configured to limit a spot size of the incident beam of light. A spot size 
may be generally defined as a smface area of a specimen that may be illuminated by an incident beam of light. 
Light emitted from the fiber optic cable may also pass through a focusing lens. Furthermore, light emitted fi:om the 
fiber optic cable may be further passed through a polarizer configured to produce an incident beam of lig^t having 
a known polarization state. Hie incident beam of tight having a known polarization state may be directed to a 

25 surface of the specimen. 

The scatterometer may also include a detection system Uttat may include a spectrometer. The spectrometer 
may be configured to measure an intensity of different wavelengths of light scattered from a surface of a spechnen. 
In an embodiment, the zeroth diffraction order intensity may be measured. Altiiough for some repeatable pattem 
features, measurement of higher difi&action order intensities may also be possible. A signal responsive to the zerolh 

30 and/or higher diffraction order intensities at different wavelengths generated by the spectrometer may be sent to a 
processor coupled to die spectrometer. Hie processor may be configured to determine a signature of a stracture on 
a sur&ce of the specimen. In addition, the processor may be configured to determine a property of repeatable 
pattem features on the surface of the specimen. For example, the processor may be further configured to compare 
the determined signature to signatures of a database. Signatures of the database may mchide signatures determined 

3 5 experimentally with specimens haviag known characteristics and/or signatures determined by modeling. A 

property of a repeatable pattem feature may include a period, a width, a step height, a sidewall angle, a thickness of 
underlying layers, and a profile of the features on a specimen 
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As described above, the scatterometei may include a polarizer coupled to the iliununatioii system. The 
polarizer may be further configured to transmit light emitted by a light source of the illumination system of a first 
polarization state and to reflect light emitted by a light source of a second polaiization state. In addition, the 
scatterometer may also include an analyzer coupled to the detection system. The analyzser may be configured to 
5 transmit light of substantially the same polarization state as the polarizer. For exan|>le, the analyzer may be 
configured to transmit light scattered fi:om Ihe surfiEice of tiie specimen having tiie first polarization state. In an 
additional embodiment the spectrometer may include a stage coupled to the illumiiiation system and the detection 
system. The stage may be configured as described herein. In this manner, characteristics of repeatable pattern 
features having substantially different characteristics formed on a surface of a specimen may be determined 

1 0 sequentially or simultaneously. Examples of measurement devices are illustrated in PCT Application No. WO 
99/45340 to Xu et al., and is incorporated by reference as if fully set forth herein. Additional examples of 
measurement devices configured to measure light scattered fiom a specimen are illustrated in U.S. Patent Nos. 
6,081,325 to Leslie et al., 6,201,601 to Vaez-Iravani et al., and 6,215,551 to Nikoonahad et al., and are incorporated 
by reference as if fiilly set fordi herein. 

15 A measurement device such as a scatterometer may be eitiier an imaging device or a non-unaging device. 

In imaging devices, a lens may capture light scattered fiom a surfitce of a specimen. The lens may also preserve 
spatial information encoded in the reflected light (e.g., a spatial distribution of light intensity). la addition, tiie 
scatterometer nwy include a detector configured as an array of light sensitive devices such as a charge-coi^led 
device ("CCD") camera, a CMOS photodiode, or a photogate camera. Alternatively, in non-imaging devices, light 

20 from a light source may be directed to a relatively small area on a surface of a specimen. A detector such as a 
photomultiplier tube, a photodiode, or an avalanche photodiode may detect scattered or dif&acted Hght and may 
produce a signal proportional to the integrated light intensity of the detected hg^t. 

In an additional embodiment, die measurement device may be configured as a bright field imaging device, 
a dark field imaging device, or a bright field and dark field imaging device. **Bright field" generally refers to a 

25 collection geometry configured to collect specularly reflected light from a specimen. A bright field collection 
geometry may have any angle of incidence altiiough typically it may have an angle of incidence normal to the 
specimen plane. A bright field imaging device may include a light source configured to direct light to a surface of a 
specimen. The light source may also be configured to provide substantially continuous illumination of a surface of 
a specimen. The light source may be, for example, a fluorescent lamp tube. Continuous illumination may also be 

30 achieved by a string of point light sources coupled to a hght diflusing element. The light source may also include 
any of the light sources as described herein. 

A bright field imaging device may also include a bright field imaging system configured to collect bright 
field light propagating along a bright field path from die surface of a specimen. The bright field light may include 
light specularly reflected from die surface of tiie specimen. Hie biigfht field imaging system may include optical 

3 5 components such as sHt mirrors and an imaging lens. The slit tmrrors may be configured to direct bright field light 
propagating along a bright field path from the surface of a specimen to tiie imaging lens. Hie imaging lens may be 
configured to receive bright field light reflected from the slit mirrors. The imaging lens may be, for example, a 
fixed lens configured to reduce optical abenations in the bright field light and to reduce effects of intensity 
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reduction at an edge of the imaging field. The imaging lens may also be configured to concentrate light passing 
through the lens onto light sensitive devices positioned behind the imaging lens. The light sensitive devices may 
include, but are not Innited to, an 8000 PN diode element line scan sensor array, a CCD camera, a TDI camera, or 
o&er suitable device type. 

5 One or more output signals of tiie light sensitive devices may be transmitted to an' image conqnitex for 

processing. An image comyputer may be a parallel processing system that may be commonly used by the machine 
vision industry. The image computer may also be coupled to a host computer configured to control the bright field 
imaging device and to perform data processing functions. For example, data processing fimctions may include 
determining a presence of defects on a surface of a specimen by comparing multiple output signals of the light 

1 0 sensitive devices generated by illuminating multiple locations on the specimen. Multiple locations on the specimen 
may include^ for example, two dies of a specimen, as illustrated in Fig. 1. 

*T>ark field'' generally refers to a collection geometry configured to collect only scattered light fiom a 
specimen. ''Double dark field" generally refers to an inspection geometry using a steep angle oblique illumination, 
and a collection angle outside of the plane of incidence. Such an arrangement may include a near-grazing 

1 S illumination angle and a near-grazing collection angle to suppress suriace scattering. This suppression occurs 
because of the dark fimge (also knovm as the Werner fimge) near tbe surface that may occur due to mterfering 
mcident and reflected waves. A dark field imaging device may mclude any of the light sources as described herem. 
A double dark field device may be either an imaging device or a non-imaging device. 

A dark field imaging device may also include a dark field imaging system configured to collect dark field 

20 light propagating along a dark field path from the surface of a specimen. The dark field imaging system may 
include optical components^ an image computer, and a host computer as described herein. In this manner, a 
presence of defects on a surface of a specimen may be detenmned fiom a dark field image of the specimen as 
described herem. An example of an inspection system configured for dark field hnaging is illustrated in PCI 
Application No. WO 99/3 1490 to Almogy, and is incorporated by reference as if fiiUy set forth herem. 

25 In addition, a measurement device may include bright field and dark field light sources, which may 

include one or more light sources. Each of the Hght sources may be arranged at different angles of mcidence with 
respect to the surface of the specimen. Alternatively, each of the light sources may be arranged at die same angle of 
incidence with respect to the surface of the specimen. The measurement device may also include bright field and 
dark ^eld imaging systems as described above. For example, the measurement device may include one or more 

30 imagmg systems. Each of the imaguig systems may be arranged at different angles of incidence with respect to the 
surface of the specimen. Altematively, each of the imaging systems may be arranged at the same angle of 
mcidence with respect to tiie surface of the specimen. As such, die measurement device may be configured to 
operate as a bright field and dark field unaging device. Each of the imaging systems may be coupled to the same 
unage computer, which may be configured as described above. In addition, tiie image conq>uter may be coi^led to 

35 a host con^uter, which may be configured as descnbed above. The host conqmter may also be configured to 
control both the bright field components and the dark field components of the measurement device. 

The bright field, dark field, and bright field and dark field devices, however, may also be configured as 
non-huaging devices. For example, the detectors descnbed above may be replaced witii a photomultipHer tube, a 
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phofodiode, or an avalanche photodiode. Such detectors may be configured to produce a signal proportional to the 
integrated light intensity of the bright field light and/or the dark field light. 

Fig. 12 illustrates a schematic side view of an alternate embodiment of system 32 configured to determine 
at least two properties of a specimen during use. As will be further described herein, elements of system 32 which 
5 may be similarly configured in each of the embodiments illustrated in Figs* 3-7 and 12 have been indicated by the 
same reference characters. For example, stage 42 may be similarly configured in each of the embodiments 
illustrated in Figs. 3-7 and 12. 

As used herein, the terms "front side" and **back side" generally refer to opposite sides of a specimen. For 
example, the term, a **fi:ont side", or 'hxpper surface," of a specimen such as a wafer may be used to refer to a 

1 0 surface of the wafer upon which semiconductor devices may be formed. Likewise, the term, a '1)ack side", or a 
**bottom surface," of a specimen such as a wafer may be used to refer to a surface of the wafer which is 
substantially free of semiconductor devices. 

System 32 may include stage 42 configured to support specimen 40. As shown in Fig. 12, stage 42 may 
contact a back side of the specimen proximate to an outer lateral edge of the specimen to support the specimen. For 

1 S example, the stage may include a robotic wafer handler configured to support a specimen. In alternative 

embodiments, an upper surfiice of the stage may be configured to have a surfiu;e area less dian a surface area of the 
back side of the specimen. In this manner, stage 42 may contact a back side of the specimen proximate to a center, 
or an inuer surface area, of the specimen to support the specimen. In an example, the stage may include a vacuum 
chuck or an electrostatic chuck. Such a stage may be disposed within a process chamber of a process tool such as a 

20 semiconductor fabrication process tool and may be configured to support the specimen during a process step such 
as a semiconductor ^brication process step. Such a stage may also be included in any of the other measurement 
devices as described herein. 

System 32 may include a measurement device coupled to the stage. The measurement device may include 
a plurality of energy sources 44. A first of the plurality of energy sources 44 may be configured to direct energy 

25 toward front side 40a of specimen 40. As shown in Fig. 12, two detectors 46a and 46b may be coupled to the first 
of the plurality of energy sources. The two detectors may be positioned at different angles with respect to the first 
energy source. In this manner, each of the detectors may be configured to detect different types of energy 
propagating from front side 40a of specimen 40. For exanq)le, detectors 46b may be configured to detect dark field 
light propagating from the front side of specimen 40. In addition, detector 46a may be configured to detect bright 

30 field light propagating from the front side of specimen 40. In an alternative embodiment, however, a single 

detector, either detector 46a or detector 46b, may be iucluded in the measurement device and may be coupled to the 
ikst energy source. Additional components such as component 48 may also be coupled to the first enezgy source. 
For exan^le, conq>onent 48 may include any of die optical componeats as described herein. 

The measurement device may also include component 50. Component 50 may mclude, for example, a 

3 5 beam spUtter configured to transmit light from the light source toward specimen 40 and to reflect light propagating 
from specimen 40 toward detector 46a. The measurement device may also include additional component 52 
coupled to detector 46a. Component 52 may be configured as described in above embodiments. In addition, such a 
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congjonent may also be coupled to detector 46b. The position and the configuration of each of the components 
may vary, however, depending on, for example, the properties of the specimen to be measured with the system. 

In an embodiment, a second of tiie plurality of energy sources 44 may be configured to direct energy 
toward back side 40b of specimen 40. The measurement device may also include detector 46c coi^led to the 
S second energy source. In addition, multiple detectors may be coupled to the second energy source. Detector 46c 
may be positioned with respect to the second en^gy source such that a particular type of energy pFopagating fiom 
back side 40b of specimen 40 may be detected. For example, detector 46c may be positioned with respect to the 
second energy source such that dark field light propagating along a dark field pa& &om the back side 40b of 
specimen 40 may be detected. Additional coniponent 48 may also be coupled to the second energy source. 

10 Component 48 may include any of the optical components as described herein. Furthermore, system 32 may 

include processor 54, Processor 54 may be coupled to each of the detectors 46a, 46b, and 46c, as shown in Fig. 12. 
The processor may be configured as described herein. 

According to the above embodiment, therefore, system 32 may be configured to determine at least two 
properties on at least two surfaces of a specimen. For example, system 32 may be configured to determine a 

1 5 presence of defects on a fiont side of (he specimea In addition, system 32 may be configured to determine a 
presence of defects on a back side of the specimen. Furihemiore, the system may be configured to determine a 
presence of defects on an additional surface of the specimen. For example, the system may be configured to 
determine a presence of defects on a firont side, a back side, and an edge of the specimen. As used herein, the term 
"an ec^e" of a specimen generally refers to an outer lateral surface of the specimen substantially normal to the front 

20 and back sides of the specimen. Furthermore, the system may also be configured to determine a presence of defects 
on more tiian one sur&ce of tiie specimen simultaneously. 

In an additional embodiment, the system may also be configured to determine a number of defects on one 
or more surfaces of a specimen, a location of defects on one or more sur&ces of a specimen, and/or a type of 
defects on one or more surfaces of a specimen sequentially or substantially simultaneously. For exanqple, the 

25 processor may be configured to determine a number, location, and/or type of defects on one or more surfaces of a 
specimen from the energy detected by the measurement device. Examples of methods for determinii^ the type of 
defect present on a surface of a specimen are illustrated in U.S. Patent No. 5,831,865 to Berezin et al., and is 
incorporated by reference as if fully set forth herein. Additional examples of methods for determining the type of 
defects present on a surface of a spechnen are illustrated in WO 99/67626 to Ravid et al., WO 00/03234 to Ben- 

30 Porath et al., and WO 00/26646 to Hansen, and are mcorporated by reference as if fuUy set for& herem. 

Furthermore, processor 54 may be fiulher configured to determine at least three properties of the 
spechnen. The three properties may include a critical dimension of the specimen, an overlay misregistration of the 
specimen, and a presence, a number, a location, and/or a type of defects on one or more surfaces of the specunen. 
Iti this manner, the system may be configured to determine a critical dimension of the specimen, an overlay 

35 naisregistration of the specimen, and a presence, a number, a location, and/or a type of defects on one or more 
surfaces of the specimen sequentially or substantially simultaneously. 

The system may be configured to determine micro and/or macro defects on one or more surfaces of a 
specimen sequentially or substantially simultaneously. An example of a system configured to detennme macro and 



50 



wo 02/25708 PCTAJSOl/42251 
micro defects sequentially is illustrated in U.S. Patent No. 4,644, 172 to Sandland et al, wMch is incorporated by 
reference as if fully set forth herein. Macro-micro optics, as described by Sandland, may be incorporated into a 
measurement device, as described herein, which may be coupled to one stage. The stage may be configured as 
described herein. In this manner, the macro-micro optics of Sandland may be conj&gured to determine micro and/or 
5 macro defects on one or more surfaces of a specimen substantially simultaneously. In addition» tiie macro-micro 
optics of Sandland may be configured to determine micro and macro defects on one or more surfaces of a specimen 
sequentially while Ike specimen is disposed on a single stage. Alternatively, the measurement device may include 
optical components configured as illustrated in U.S. Patent No. 5,917,588 to Addiego, ^ch is incorporated by 
reference as if fully set forth herein. For exan^le, a measurement device, as described herein, may include micro 

1 0 optics, as described by Sandland, coupled to macro optics of the after develop inspection ("ADF*) Macro inspection 
system, as described by Addiego. 

Micro defects may typically have a lateral dimension of less than approximately 25 \m. Macro defects 
may include yield-limiting large scale defects having a lateral dimension of greater than about 25 ^m. Such large 
scale defects may include resist or developer problems such as lifting resist, thin resist, extra photoresist coverage, 

1 5 incomplete or missing resist, which may be caused by clogged dispense nozzles or an incorrect process sequence, 
and developer or water spots. Additional exanq>les of macro defects may include regions of defocus C*hot spots"), 
reticle errors such as tilted reticles or incorrectiy selected reticles, scratches, pattern integrity problems such as over 
or under developing of the resist, contamination such as particles or fibers, and non*-unifonn or incomplete edge 
bead removal ("EBR"). The term "hot spots" generally refers to a photoresist exposure defect that may be caused, 

20 for example, by a depth of focus linaitation of an exposure tool, an exposure tool malfunction, a non-planar surface 
of a specimen at the time of exposure, foreign material on a back side of a specimen or on a surface of a supporting 
device, or a design constraint. For example, foreign material on the back side of the specimen or on the surface of a 
supporting device may effectively deform tiie specimen. Such deformation of tiie specimen may cause a non- 
uniform focal surface during an exposme process, in addition, such a non-uniform focal surface may be manifested 

25 on die specimen as an unwanted or missing pattern feature change. 

Each of the above described defects may have a characteristic signature under either dark field or bright 
field iUumination. For example, scratches may appear as a bright line on a dark background under dark field 
illumination. Extra photoresist and incomplete photoresist coverage, however, naay produce thin film interference 
effects under bright field illumination. In addition, large defocus defects may appear as a dim or bright pattern in 

30 comparison to a pattern produced by a laterally proximate die under dark field illumination. Other defects such as 
defects caused by underexposure or overexposure of the resist, large line widtii variations, large particles, comets, 
striations, missing photoresist, underdeveloped or overdeveloped resist, and developer spots may have 
characteristic signatures under bright field and dark field illummatiorL 

As shown in Fig. I, a surface of specimen 10 may have aplurality of defects. Defect 14 on the surface of 

35 specimen 10 may be incomplete resist coverage. For example, tncon^lete resist coverage may be caused by a 
malfunctioning coating tool or a malfunctioning resist dispense system. Defect 16 on the surface of specim^ 10 
may be a surface scratch. Defect 18 on the surface of specimen 1 0 may be a non-uniform region of a layer of resist 
For example, such a non-uniform region of the resist may be caused by a malfunctioning coating tool or a 
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malftinctiordng post apply bake tool. Defect 20 on the surface of specimen 10 may be a hot spot In addition, 
defect 22 on the surface of specimen 10 may be non-unifomi edge bead removal {*'BBR"). Each of the defecjts 
described above may be present in any location on a surface of specimen 10. In addition, any number of each of 
the defects may also be present on die surface of the specimen. 
5 Additional examples of methods and systems for determining a presence of defects on a sm&ce of a 

specimen are illustrated in U.S. Patent Nos. 4,247,203 to Levy et aL, 4,347,001 to Levy et al., 4,378,159 to 
Galbraith, 4,448,532 to Joseph et al,, 4,532,650 to Wihl et al.. 4,555,798 to Broadbent, Jr. et al.. 4,556,317 to 
Sandland et al, 4,579,455 to Levy et al.. 4,601,576 to Galbraith, 4,618,938 to Sandland et al., 4,633,504 to Wihl, 
4,641,967 to Pecen, 4,644,172 to Sandland et al., 4,766,324 to Saadat et al., 4,805,123 to Specht et al., 4,818,1 10 to 

10 Davidson, 4,845,558 to Tsai et al., 4,877,326 to Chadwick et al., 4,898,471 to Vaught et al., 4,926,489 to Danielson 
et al,, 5,076,692 to Neukermans et al., 5,189,481 to Jann et al., 5,264,912 to Vaught et al., 5,355,212 to Wells et al., 
5,537,669 to Evans et al., 5,563,702 to Emery et al., 5,565,979 to Gross, 5,572,598 to Wihl et al., 5,604,585 to 
Johnson et al., 5,737,072 to Emery et al., 5,798,829 to Vaez-Iravani, 5,633,747 to Nikoonahad, 5,822,055 to Tsai et 
al, 5.825,482 to Nikoonahad et al., 5,864,394 to Jordan, m et al., 5.883,710 to Nikoonahad etal., 5,917.588 to 

1 5 Addiego, 6,020,214 to Rosengaus et al., 6,052,478 to Wihl et al., 6,064,517 to Oiuang et al., 6,078,386 to Tsai et 
al., 6,081,325 to Leslie et al., 6, 175,645 to Elyasaf et al., 6,178,257 to Alumot et al, 6,122,046 to Ahnogy, and 
6,215,55 1 to Nikoonahad et al, all of which are incorporated by reference as if fully set forth herein. Additional 
examples of defect inspection methods and apparatuses are illustrated in PCT Application Nos. WO 99/38002 to 
Elyasaf et al, WO 00/68673 to Reinhron et al, WO 00/70332 to Lehan, WO 01/03145 to Feuerbaum et al., and 

20 WO 01/13098 to Ahnogy et al, and are iacoiporated by reference as if fully set forth herein. Further examples of 
defect inspection methods and apparatuses are illustrated in European Patent Application Nos. EP 0 993 019 A2 to 
Dotan, EP 1 061 358 A2 to Dotan, EP 1 061 571 A2 to Ben^PoraA, EP 1 069 609 A2 to Harvey et al, EP 1 081 
489 A2 to Karpol et al., EP 1 08 1 742 A2 to Pearl et al, and EP 1 093 017 A2 to Kenan et al., which are 
mcoiporated by reference as if fuUy set fortfi herem. As such, the emboduoents described above may also mclude 

25 features of any of the systems and methods illustrated m all of the patents which have been mcoiporated by 
reference herein. 

In a further embodiment, the systems as described herein may also be configured to determine a flatness 
measurement of the specimen. "Flatness" may be generally defined as an average of the topographic characteristics 
of an upper surface of the specimen across a surface area of the specimen. For example, the topographic 

30 characteristics may include, but are not Umtcd to, a roughness of an upper surface of a specimen and a planar 

uniformity of an upper surface of a layer arranged on the specimen. Roughness and planar uniformity of tfie upper 
surface of a layer may vary dependmg on, for example, processes performed on &e $pechnen prior to 
measurement, which may include, in an example of semiconductor fabrication, etch, deposition, plating, chemical- 
mechanical polishing, or coating. 

35 As described herein, a processor may be configured to determine at least three properties of the specimen 

fh)m the detected energy. The three properties may include a critical dimension of the specimen, an overlay 
misregistration of the specimen, and a flatness of the specimen. In addition, the process may be configured to 
determine four properties of the specimen from the detected energy. The four properties may include critical 
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dimension, overlay misregistration, flatness, and a presence, a number, a location, and/or a type of defects on the 
specimen. As such, the system may be configured to detenxune a critical dimension of the specimen, an overlay 
misregistration of the specimen, a flatness measurement, and/or a presence, a number, a location, and/or a type of 
defects on a sur&ce of the specimen sequentially or substantially simultaneously. 
5 Fig. 13 illustrates a schematic top view of an embodiment of system 32 coupled to a semiconductor 

&brication process tool. For example, the system may be coupled to lithography tool 130. A lithography tool, 
which may be commonly referred to a lithography track or cluster tool, may include a plurality of process diambers 
132, 144, 146, 148, 150, 154, and 156. The number and configuration of the process chambers may vary 
depending on, for example, the type of wafers processed in the lithography tool. Examples of lithography tools and 

10 processes are illustrated in U.S. Patent No. 5,393,624 to Ushijima, 5,401,3 16 to SMraishi et al., 5,516,608 to Hobbs 
et al., 5,968,691 to Yoshioka et al., and 5,985,497 to Phan et al., and are incorporated by reference as if fiilly set 
forth herein. Lithography tool 130 may be coupled to an exposure tool, which may include exposure chamber 134. 
A first portion of the process chambers may be configured to perform a step of a lithography process prior to 
exposure of a resist. A second portion of the process chambers may be configured to perform a step of the 

1 5 lithography process subsequent to exposure of the resist 

In an embodiment, li&ography tool 130 may also mclude at least one robotic wafer handler 136. Robotic 
wafer handler 136 may be configured to move a specunen &om a first process chandber to a second process 
chamber. For example, the robotic wafer handler may be configured to move along a direction generally indicated 
by vector 138. In addition, the robotic wafer handler may also be configured to rotate in a direction indicated by 

20 vector 140 such that a specimen may be moved from a first process chamber located on first side of the lithography 
tool to a second process chamber located on a second side of the lithography tool. The first side and the second 
side may be located on substantially opposite sides of the lithography tool The robotic wafer handler may also be 
configured to move a specimen fi-om lithography tool 130 to exposure chamber 134 of the exposure tool. In this 
manner, the robotic wafer handler may move a specimen sequentially through a series of process chambers sudi 

25 ti]at a hthography process may be peifonned on the specimen. 

The robotic wafer handler may be also configured to move specimen 139 fiom cassette 141 disposed 
within load chamber 142 of the lithography tool to a process chamber of the lithography tool. The cassette may be 
configured to hold a number of specimens which may be processed during the lithography process. For exaiiq)le, 
the cassette may be a fi:ont openmg unified pod ('*FOUP"). The robotic wafer handler may be configured to 

3 0 dispose the specimen in a process chamber such as surface preparation chamber 144, The surSsice preparation 

chamber may be configured to form an adhesion promoting chemical such as hexamethyldisilazane ("HMDS'*) on 
the surface of the specimen. HMDS may be deposited at a tenq)erature of approxunately 80 to approxunately 
180 *'C. Subsequent to the surface preparation process, the robotic wafer handler may be configured to remove &e 
specimen fiom surface preparation chamber 144 and place the specunen mto chill chamber 146. As such, chill 

3 5 chamber 1 46 may be configured to reduce a temp^ature of the specimen to a ten^erature suitable for subsequent 
processmg (e.g., approximately 20 °C to approximately 25 **C). 

In an additional embodiment, an anti-reflective coating may be fonned on the surface of the specunen. 
The anti-reflective coating may be formed on the specimen by spm coating followed by a post apply bake process. 
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Since the post apply bake process for an anti-teflective coating generally may involve heating a coated specimen 
from approximately 170 °C to approximately 230 **C, a chill process may also be performed subsequent to diis post 
apply bake process. 

A resist may be also formed upon the specimen. The robotic wafer handler may be configured to place the 
5 specimen into resist apply process chamber 148. A resist may be automatically dispensed onto an upper sui&ce of 
Ihe specimen. The resist may be distributed across tiie specimen by ginning the spedmen at a high rate of speed 
The spinning process may dry the resist such that tiie specimen may be removed from the resist apply process 
chamber witiiout adversely affecting the coated resist. The robotic wafer handler may be configured to move the 
specimen from resist apply process chamber 148 to post apply bake process chamber 150. The post apply bake 
10 process chamber may be configured to heat the resist-coated specimen at a temperature of approximately 90 to 
approximately 140 °C. The post apply bake process may be used to drive solvent out of the resist and to alter a 
property of the resist such as sur&ce tension. Subsequent to the post apply bake process, the robotic wafer handler 
may be configured to move the specimen from the post apply bake process chamber 150 to chill process chamber 
146. In this manner, a temperature of the specunen may be reduced to approximately 20 °C to approximately 25 

15 

Tlie robotic wafer handler may also be configured to move the specimen from chiU process chamber 146 
to exposure chamber 134. The exposure chamber may include interface system 152 coupled to lithography tool 
130. Interface system 152 may include mechanical device 153 configured to move specimens between the 
lithography tool and the exposure chamber. The exposure tool may be configured to align a specimen m the 

20 exposure chamber and to expose the resist to energy such as deep-ultraviolet light In addition, the exposure tool 
may be configured to expose the resist to a particular intensity of energy, or dose, and a particular focus condition. 
Many exposure tools may be configured to alter dose and focus conditions across a specimen, for example, from 
die to die. The exposure system may also be configured to expose an outer lateral edge of the specimen. In this 
manner, resist disposed proximal an outer lateral edge of the specimen may be removed, Removmg the resist at the 

25 outer lateral edge of a specimen may reduce contamination in subsequent processes. 

The robotic wafer handler may be finlher configured to move die specimen fix>m exposure chamber 134 to 
post exposure bake process chamber 154. The specimen may then be subjected to a post exposure bake process 
step. For example, the post exposure bake process chamber may be configured to heat the specimen to a 
temperature of approximately 90 'C to approximately 150 'C. A post exposure bake process may drive a chemical 

30 reaction in a resist^ which may enable portions of the resist to be removed in subsequent piocessmg. As such, the 
performance of the post exposmre process may be critical to the overall performance of die lithography process. 

Subsequent to the post exposure process, the robotic wafer handler may be configured to move the 
specimen from post expose bake process chamber 154 to dull process chamber 146. After the specimen has been 
chilled, the robotic wafer handler may be configured to move the specunen to develop process chamber 156. The 

35 develop process chamber may be configured to sequentially dispense a developer chemical and water on the 
specimen such that a portion of the resist may be removed^ As such, resist remaioing on die specimen may be 
patterned. Subsequent to the develop process step, the robotic wafer handler may be configured to move the 
specimen from the develop process chamber to a hard bake process chamber or a post develop bake process 
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chamber, A hard bake process may be configured to heat a specimen to a temperature of approximately 90 'C to 
approximately 130 °C. A hard bake process may drive contaminants and any excess water firom the resist and Ihe 
specimen. The temperature of the specimen may be reduced by chill process as described herein. 

In an embodiment, system 32 may be arranged laterally proximate to lithography tool 130 or another 
5 semiconductor &bricat[on process tool. As shown in Fig, 13, system 32 naay be located proximate cassette end 160 
of lithography tool 130 or proximate exposure tool end 162 of lithography tool 130. In addition, a location of 
system 32 with respect to lithography tool 130 may vary depending on, for exanxple, a configuration of the process 
chambers within lithography tool 130 and clean room constraints for space surrounding lithography tool 130. In an 
alternative embodiment, system 32 may be disposed within lidiography tool 130. A position of system 32 within 

1 0 lithography tool 130 may vary depending on, for example, a configuration of the process chambers within 

lithography tool 130. In addition, a plurality of systems 32 may be arranged laterally proximate and/or disposed 
within lithography tool 130. Each system may be configured to measure at least two different properties of a 
specimen. Alternatively, each system may be sknilarly configured. 

In eidier of these embodunents, robotic wafer handler 136 may be configured to move a specimen firom 

15 lithography tool 130 to a stage widiin system 32. For example, robotic wafer handler 136 may be configmed to 
move a specimen to a stage vdthin system 32 prior to or subsequent to a lithography process or between steps of a 
lithography process. Alternatively, a stage withm system 32 may be configured to move a specimen fiom system 
32 to lithography tool 130. In an example, the stage may include a wafer handler configured to move a specimen 
from system 32 to a process chamber of the lithography tool 130. Furthermore, the stage of system 32 may be 

20 configured to move the specimen from a first process chamber to a second process chamber within lithography tool 
130. System 32 may also be coupled to the stage such that system 32 may move with the stage from a first process 
chamber to a second process chamber within hthography tool 130. In this manner, the system may be configured to 
determine at least two properties of a specimen as the specimen is being moved firom a first process chamber to a 
second process chamber of li&ography tool 130. An example of an apparatus and a method for scanning a 

25 substrate m a processing system is illustrated m European Patent Application No. EP 1 083 424 A2 to Hunter et al., 
and is incorporated by reference as if fully set forth herein. 

In an embodiment, system 32 may be configured as an integrated station platform ('*ISP") system. An 
system may be configured as a stand-alone cluster tool. Alternatively, the ISP system may be coupled to a process 
tool. Fig. 14 illustrates a perspective view of an embodiment of ISP system 158 that may be arranged laterally 

30 proximate and coupled to a semiconductor fabrication process tool such as lidiography tool 130. In this manner, 
ISP system 158 may be configured as a cluster tool coupled to lithography tool 130. For example, as shown in 
phantom in Fig. 13, ISP system 158 may be coupled to cassette end 160 of lithography tool 130. Fig. 15 fiirfher 
illustrates a perspective view of an embodunent of ISP system 158 coupled to cassette end 160 of lithography tool 
130. As fiirther shown in phantom in Fig. 13, ISP system 158 may be also coiq)led to interface system 1 52 at 

35 exposure tool end 162 of lithography tool 130. ISP system 158 may be fiirther configured as illustrated in U.S. 
Patent No. 6,208,751 to Almogy, which is incorporated by reference as if fijlly set forth herein. 

ISP system 158 may also be coupled to multiple process tools. For example, ISP system may be 
configured as a wafer buffer station between a lithography tool and an etch tool. In this manner, ihe ISP system 
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may be configuxed to receive a specimea from the li&ogiaphy tool subsequent to a li&ograpby process and to send 
the specimen to an etch tool for an etch process. In addition, the ISP system may be configured to detennine one or 
more properties of the specimen between the lithography and etch process. An exan^le of a wafer buffer station is 
illustrated in PCX Application No. WO 99/60614 to Lapido^ and is incorporated by reference as if &lly set forth 
S herein. ISP system 158 nmy be further configured as described by Lapidot. 

ISP system 158 may include one or more measurement chambers. For example, the ISP system may have 
three measurement chambers 172, 174, 176. A measurement device may be disposed within each measurement 
chamber. Each measurement device may be configured as described herein. The measurement chambers may be 
arranged in unit 160. Environmental conditions within unit 160 may be controlled substantially independently 

10 from environmental conditions of the space surrounding ISP system 158. For example, environmental conditions 
within unit 160 such as relative humidity, particulate count; and tenq>erature may be controlled by controller 
conqtuter 162 coiqpled to the ISP system Such a unit may be commonly referred to as a "mini-environment" 

In addition, die one or more measurement chambers may be arranged such diat first measurement chamber 
172 may be located below second measurement chamber 174 and such that second measurement 174 may be 

15 located below thkd measurement diamber 176. In diis manner, a lateral area or "foo^rint" of tiie ISP system may 
be reduced. Furdiermore, because ISP system 158 may be coupled to a semiconductor fabrication process tool, one 
front interface mechanical standard ("FIMS") drop may be coupled to both the semiconductor fabrication process 
tool and the ISP system. As such, less FIMS drops may be required in a fabrication facility C*fab"), and in 
particular a 300 mm wafer fab. A FIMS drop may be a mechanical device configured to lower a PGUP from an 

20 overhead transportation system to a semiconductor fribrication process tool or a stand-alone inspection or metrology 
tool. An exan^le of a specimen transportation system is illustrated in U.S. Patent No. 3,946,484 to Aronstein et al., 
and is incorporated by reference as if fully set forth herein. 

In an embodiment, ISP system 158 may also include wafer handler 164, receiving station 166, sending 
station 168, and buffer cassette station 170. Receiving station 166 and sending station 168 may be configured such 

25 that a wafer handler of a semiconductor fabrication process tool may move a specimen to the receiving station and 
from the sending station. Buffer cassette station 170 may be configured to hold a number of specimens depending 
on, for example, the relative input and output rates of a semiconductor fabrication process tool and ISP system 158. 
Receiving station 166 may also be configured to alter a position of a specimen such that the specimen may be 
substantially aligned to a measurement device coupled to one of the measurement chambers. For example, the 

30 receiving station may be configured to detect a positioning mark such as a notoh or a flat on the specimen and to 
move flie specimen linearly and/or rotatably. Buffer cassette station 170 and receiving station 166 may be finther 
configured a buffer station as illustrated in U.S. Patent No. 6,212,691 to Dvir, which is incorporated by reference as 
if fully described herem. 

The ISP wafer handler may be coufigined to remove a specimen from the receiving station. In addition, 
35 the ISP wafer handler may be further configm-ed to move the specimen into one of the measurement chambers. 

Furthermore, the ISP wafer handler may be configured to move the specimen into each measurement chambers in a 
sequence. In this manner, the ISP system may be configured to determme at least one property of tiie specimen in 
each of the pluraHty of measurement chambers in a parallel pipeline fashion. 
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In addition, the measurement device coupled to each measurement chamber n:iay each be configured to 
determine a different prop^ty of a specimen. For example a measurement device coiq^led to iiist measurement 
chamber 172 may be configured to detennine overlay misregistration of a specimen. A measurement device 
coiq)led to second measurement chamber 174 may be configured to detemaine a critical dimension of the specimen. 
5 A measurement device coupled to third measurement chamber 176 may be configured to detemiine a presence of 
macro defects on a surfiice of tiie specimen. In alternative embodiments, a measurement device coupled to one of 
the measureDDient chambers may be configured to determiae a presence of micro defects on a surface of the 
specimen or a thin film characteristic of the specimen. A thin film characteristic may include a thickness, an index 
of refiraction, or an extinction coefficient as described herein. Additionally, wafer handler 164 may be configured 

10 to move the specimen from each measurement chamber to sending station 168. 

Because ISP system 158 may be coupled to a semiconductor fabrication process tool such as lithography 
tool 130, properties of a specimen may be detennined faster than stand alone metrology and inspection tools. 
Therefore, a system, as described herein, may reduce tiie tum-around-time for determining properties of a 
specimen. A reduced tum-around-time may provide significant advantages for process control. For example, a 

1 5 reduced tum-around-time may provide tighter process control of a semiconductor fabrication process than stand 
alone metrology and inspection tools. Tighter process control may provide, for instance, a reduced variance in 
critical dimension distributions of features on a specimen. 

In addition, a system as described herein may be configured to adjust a drifting process mean to a target 
value and to reduce variance in critical dimension distribution of features on a specimen by accounting for 

20 autocorrelation in the critical dimension data. For example, the critical dimension distribution of features on a 
specimen after a develop process step may be reduced by altering a parameter of an instrument coupled to an 
exposure tool or a develop process chamber. Such an altered parameter may include, but is not limited to, an 
exposure dose of an exposure process or a develop time of a develop process. In addition, a linear model of control 
may be used and only the of&et terms may be updated or adapted. A linear model of control may include a control 

25 function such as: y=Ax + c, where A and c are expaimentally or dieoretically determined control parameters, x is 
a critical dimension of the ^>ecimen or ano&er such determined property of the specimen, and>^ is a parameter of 
an instrument coupled to the semiconductor fabrication process tool. Alternatively, a parameter of an instrument 
coupled to a semiconductor fabrication tool such as the exposure tool may be altered by using an exponentially 
weighted moving average of the offset terms. A proportional and integral model of control may include a control 

30 function such as: ct = DEt^del 0''^)<^t-h wherein Qis an experimentally or theoretically detennined control 
parameter, ^f-^/g/ is a determined property of the specimen, and is a parameter of an instrument coupled to the 
semiconductor fabrication process tool. 

Variance in critical dimension distribution after develop may be dramatically reduced by a system as 
described herein. For exan^le, adjusting a critical dimension mean to a target value of a lot (ie., 25) of wafers 

35 using lot-to-lot feedback control may reduce critical dimension variance by approximately 65%. In addition, lot-to- 
lot feedback control may be effective if critical dimension within lot critical dimensions are correlated. For 
example, low autocorrelation may result in no reduction of critical dimension variance using lot-to-lot feedback 
control. High autocorrelation, however, may result in a 15% reduction of critical dimension variance usmg lot-to- 
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lot feedback cojitrol. ControUiitg critical dimension variance using wafer-to-wafer feedbadc control, however, may 
be effective even if lot critical dimensions are non coirelated. For example, low autocorrelation may result in a 
25% reduction in critical dimension variance using wafer-to-wafer feedback control Successiul feedback control 
may depend on a proven APC fi:Bm6 work, robust process modeling, high throughput metrology, efficient 
5 production me&odology to reduce metrology delay^ and enabling of process tool wafer based control. In addition, 
the effect of tum-around-time on control of production wafers may also be examined by using multiple lot averaged 
control to adjust drift in the mean critical dimension. A target critical dimension may be set to be approximately 
equal to the mean of the critical dimension data. As such, iot-to-lot control may result in an 8% improvement in 
critical dimension variance. In addition, wafer-to-wafer control may results in an 18% improvement in critical 

10 dimension variance. 

Fig. 16 illustrates a schematic side view of an embodim^t of system 32 disposed within measurement 
chamber 178. For example, system 32 may include stage 42 disposed within measurement chamber 178. In 
additiori, system 32 may include measurement device 34 disposed within measmrement chamber 178. Measurement 
chamber 178 may also include openmg 179 and a mechanical device (not shown) coupled to opening 179. In 

1 5 addition, measurement chamber 178 may mclude a plurality of such openings and a mechanical device coupled to 
each of the opemngs. The mechanical device may be configured to place an object such as a (hin sheet of metal in 
front of opening 1 79 and to remove the object from the opening. In this manner, the mechanical device may be 
configured to provide access to the measurement chamber, for example, when specimen 40 is being disposed upon 
stage 42 through opening 179. Specimen 40 may be disposed upon stage 42 by any of the methods or devices as 

20 described herein. Subsequent to disposing specimen 40 on stage 42, the object may be placed in &ont of opening 
179 by the mechanical device such that environm^ conditions such as relative humidity, temperature, and 
particulate count within the measurement chamber may be maintained and/or controlled. In this manner, system 32 
may be configured to determine a property of specimen 40 under maintained and/or controlled environmental 
conditions, which may uicrease the reliability of the system. In addition, exposure of components of system 32 

25 including, but not limited to, measurement device 34 to environmental conditions external to the measurement 
chamber may be reduced. As such, contamination and/or degradation of the components of system 32 may be 
reduced thereby reducing the probability of system failure, associated maintenance and repair costs, and increasiug 
a lifetime of the system. 

The system may also include processor 54 disposed outside of measurement chamber 178. In this manner, 
30 the processor, which may be configured as a controller computer, may be accessed outside of the measurement 
chamber, for exan^)le, by an operator. In addition, arranging processor 54 external to measurement charhber 178 
may reduce die dimensions of measurement chamber 178. By reducing the dimensions of measurement chamber 
178, system 32 may be coupled to or disposed within a larger number of process tools than a conventional 
metrology and/or inspection system. For example, measurement chamber 178 may be configured to have 
35 approximately the same dimensions as a process chamber of a semiconductor fabrication process tool. In tiiis 

manner, system 32 may be disposed within an existing semiconductor fiabrication process tool, as shown in Fig. 13, 
without altering an arrangement of the process chambers of the semiconductor fabrication process tool. For 
example, measurement chamber 178 may disposed within the tool by replacing one of the process chambers with 
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measuremeat chamber 1 78. System 32 may be fozthst con&gured as described herein. 

Fig. 17 illustxates a schematic side view of an embodimeiit of measurement chamber 178 coupled to a 
process tool such as a semiconductor fabxication process tool. As shown in Fig. 17, measurement chamber 178 
may be airanged laterally proximate to process chamber 180 of a process tool. Alternatively, the measurement 
5 chambermybeaxraugedverticaUyproximatetoprocessdliaixiber 180. For exan^le, the measurement chamber 
may be arranged above or below process chamber 180. As shown in Fig. 17, process chamber 180 may be a resist 
apply chamber as described herein. For example, specimen 182 may be disposed upon stage 184. Stage. 184 may 
be configured as a motorized rotating chuck or any other device known in the art. A resist may be dispensed onto 
specimen 182 from dispense system 186. Dispense system 1 86 may be coupled to a resist supply and may include 

10 a number of pipes and/or hoses and controls such as valves such that resist may be transfened from the resist 
supply to specimen 182. The dispense system may also be coupled to a controller computer, which may be 
configured to control the dispense system. For example, the controller computer may include processor 54 as 
described herem. Stage 1 84 may be configured to rotate such that the dispensed resist may spread over specimen 
182 and such that solvent may evaporate from the dispensed resist Process chamber 180, however, may include 

15 any of the process chambers as described herein. In addition, measurement chamber 178, process chamber 180, 
processor 54 may be arranged in a modular architecture as illustrated in PCT Application No. WO 99/03133 to 
Mooring et al., which is incorporated by reference as if fully set forth herein. 

In an embodiment, therefore, specimen 182 may be easily and quickly be moved from process chamber 
180 to measurement chamber 178 (or from measurement chamber 178 to process chamber 180) by a robotic wafer 

20 handler of a process tool, by a wafer handler of an ISP system, or by stage 42 as described herein. In this manner, 
system 32 may be configured to determine at least a first property and a second property of the specimen prior 
between process steps of a process. For example, in a hthography process, first and second properties of a 
specimen may be determined subsequent to resist apply and prior to exposure. In an additional example, first and 
second properties of a specimen may be determined subsequent to exposure and prior to post cTcposure bake. In a 

25 further example, first and second prop^es of a specimen may be determined subsequent to post e^qiosure bake 
and prior to develop. First and second pwpejiies of a specimen may also be determined subsequent to develop. 
Furthermore, such a system may be configured to determine at least a first property and a second property of the 
specimen prior to substantially an entire process or subsequent to substantially an entire process. A system 
configured as described above may also have a relatively short tum-around-time. As described above, therefore, 

30 such a system may provide several advantages over currently used metrology and inspection systems. 

A process tool such as a semiconductor fabrication process tool may include a number of support devices 
such as stage 1 84, as shown in Fig. 17, which may be configured to support the specunen during a process step. 
For example, a support device may be disposed witibin each process chamber coupled to a process tool 
Appropriate support devices may mclude, but are not limited to, a spin coater, a bake plate, a dull plate, an 

35 exposure stage, and an electrostatic chuck in an etch or deposition chamber. Each support device may have an 
upper surface upon which a specimen may be disposed. An upper surface of each support device may be 
substantially parallel to an upper surface of other support devices arranged witiiin the process tool, i,e,, orientations 
of each support device within each process chamber, respectively, may be substantially parallel In an embodiment. 
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a stage of a system, as desciibed herein, may also have an upper sui&ce which may be substantially parallel to an 
upper surface of a support device of the process tool, as shown in Fig. 17, i.e., an orientation of the stage within a 
measurement chamber sudi as measurement chamber 178 may be substantially parallel to orientations of each 
support device within each process chamber, respectively. 
S In an alternate embodiment, a stage of a system, as described herein, may have an upper surface that may 

be arranged at an angle with respect to an upper surface of a support device, i.e., an orientation of the stage within a 
measurement chamber may be at an angle to orientations of each support device within each process chamber, 
respectively. For example, an upper surface of the stage may be arranged at a 90 ° angle with respect to an upper 
surface of a support device of a process tool. Alternatively, an upper siuface of tibie stage may also be ananged at 

10 an angle of less than 90 ° with respect to an upper smf ace of the support device. At such angles, a vacuum may be 
pulled on a surface of a specimen to maintain a position of the specimen on the stage. 

An orientation of a measurement device disposed within a measurement chamber with such a stage may 
also be altered. For exan^le, the measurement device may be arranged at an angle such that a spatial relationship 
(i.e., any ofthe spatial arrangements shown in Figs. 3-7, lla-12,and 16-17) between the measurement device and 

IS Ae stage may be maintained. Such a stage may also be arranged at an angle with respect to an illuininationsyst^ 
and a detection system ofthe measurement device. In tibis manner, a specimen may be tilted vn&L respect to the 
measurement device during inspection or metrology processes which may be performed by a system as desciibed 
herein. 

An angled orientation ofthe stage within a measurement chamber as described above may allow a lateral 

20 dimension of the measurement chamber to be reduced. For example, the illumination system, the detection system, 
and the stage may be arranged in a more compact geometry than conventional inspection and metrology systems. 
In particular, a lateral dimension of a measurement chamber may be greatly reduced for relatively large diameter 
specimen such as 200 mm wafers and 300 nam wafers. As such, disposing such a measurement device within a 
semiconductor fabrication process tool may be less likely to requhe retrofittmg ofthe semiconductor fabrication 

25 process tool. Therefore, existing configurations of semiconductor fabrication process fools may be less likely to 
prohibit disposing the system within the semiconductor fabrication process tool. 

Fig. 18 illustrates a schematic side view of an embodiment of system 32 coupled to process chamber 188. 
The process chamber may be a process chamber coupled to a semiconductor fabrication process tool. Stage 190 
may be disposed within process chamber 188. Stage 190 may be configured to support specimen 192, for example, 

30 during a semiconductor fabrication process step. System 32 may be coupled to process chamber 188 such that 

measurement device 34 may be external to process chamber 1 88 but may be coupled to stage 190 disposed within 
the process chamber. For example, process chamber 188 include one or more relatively small sections 194 of a 
substantially transparent material disposed within one or more walls of the process chamber. Sections 194 may be 
configured to transmit a beam of energy from an energy source of the measurement device outside the process 

35 chamber to a surface of a specimen within the process chamber. Sections 194 may also be configured to transmit a 
beam of energy returned firom the surface of the specimen to a detector of measurement device 34 outside process 
chamber 1 88. The substantially transparent n:iaterial may have optical or material properties such that the beam of 
energy from the energy source and the returned beam of energy may pass through sections 194 of the process 

60 



wo 02/25708 PCT/USOl/42251 
chaxxiber without undesirably altering the properties of the directed and returned energy beams. For exanq}le, 
undesirably altering the properties of the energy beams may include, but is not limited to, altering a polarization or 
a wavelengdi of the energy beams and increasing chromatic aberration of the energy beams. la addition, sections 
194 may be configured such that deposition of process residue from a chemical using during processing of a 
5 specimen may be reduced as described in PCT Application No. 99/65056 to Grimbergen et aL, which is 
incorporated by reference as if fully set forth herein. 

An appropriate system and method for coupling a measurement device external to a process chamber and a 
stage disposed within the process chamber may vary, however, depending on, for exanq)le, a configuration of the 
process chamber and/or a configuration of the measurement device. For example, the placement and dimensions of 

10 relatively small section 194 disposed m&in the walls of process chamber 188 may vary depending on the 

configuration of &e components within tiie process chamber. As such, e3q)osure of measurement device 34 to 
chemicals and environmental conditions within process chamb^ 188 may be reduced, and even substantially 
eliminated. Furthermore, measurement device 34 may be externally coupled to process chamber 188 such that the 
mjsasurement device may not alter operation, performance, or control of a process step carried out in process 

15 chamber 188. 

A measurement device, as shown in Fig. 18, may be configured to dkect energy toward a surface of a 
specimen dtuing a step of a process such as, in an example of a lithography process as described above, during a 

chill process subsequent to a post apply bake process, a post exposure bake process, a develop process, or any of 
the process steps as described herein. In addition, the measurement device may be configured to detect energy 
20 returned from the surface of the specimen during the step of the process. The measurement device may be 

configured to detect energy returned from a specimen substantially continuously or at various time intervals during 
a process st^. 

The system may include a processor configured to determine at least a first and a second property of a 
specimen during a process step. For example, the processor may be configured to determine at least two properties 
25 of a specimen such as critical dimension and overlay misregistration firom ^e energy detected during a process 

step. In an additional embodiment, &e processor may also be configured to detect variations in the energy detected 
by a measurement device during the process step. For example, the processor may be configured to obtain a 
signature characterizing the process st^. The signature may include at least one singularity representative of an 
end of the process step. 

30 In an additional embodiment, the processor may also be coupled to a process tool such as a h^ography 

tool and may be configured to alter a parameter of an instrument coupled to the process tool. For example, the 
processor may alter a parameter of an instrument coupled to a process tool in response to the detected singularity as 
described above. The parameter of the instrument may be altered such that the process step may be terminated 
subsequent to detection of the singularity. In addition, the processor may be configured to alter a parameter of an 

35 instrument of a process tool in response to at least one determined property of the specimen using an in situ control 
technique. 

In an additional embodiment, the processor may be configured to monitor a parameter of an instrument 
coupled to a process tool such as a semiconductor fabrication process tool. For example, the processor may be 
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coupled to a resist apply process chamber of a lithography tool and may be configured to monitor a parameter of an 
instrmnent coupled to the resist apply chamber. In this manner, the processor may be configured to monitor a spin 
speed of a motorized chuck of tiie resist apply chamber, a dispense tune of a dispense system of the resist apply 
chamber, and/or a teniperature and a humidity of the resist apply chamber. The processor may be iurther 
S configured as described in an example of a method and apparatus for providing real-time infomaation identifying 
tools visited by a wafer under inspection and the process parameters used at tiiose tools illustrated in Buropean 
Patent Application No. EP 1 071 128 A2 to Somekh, which is incorporated by reference as if fully set forth herein. 
In addition, the processor may be configured to determine a relationship between at least one determined property 
of a specimen and a monitored parameters of an instrument coupled to a process tool. For exan^le, the processor 

1 0 may be configured to determine a relationship between a presence of defects on the surface of a resist layer formed 
on a specimen and a monitored teniperature and/or humidity of the resist apply chamber. Furthermore, the 
processor may be configured to alter the monitored parameter of the instrument in response to the determined 
relationship. For exanq)le, the processor may be configured to use a determined relationship to alter a parameter of 
an instmment coupled to the resist apply chamber such that the tenq>erature and humidity of &e resist apply 

1 S chamber may be altered in response to a determmed presence of defects on the surface of the specunen. 

The processor may also be configured to alter a parameter of an instrument coiipled to a process tool in 
response to at least one determined property using a feedback control technique. Furthermore, the processor may 
also be configured to alter a parameter of an instrument coupled to a process tool in response to at least one 
determined properly using a feedforward control technique. For exanq)le, the system may be configured to 

20 determine at least two properties of a specimen during a develop process. The processor may be configured to alter 
a parameter of an instrument coupled to the develop process chamber in response to at least one of the determined 
properties during developing of the spechnen or prior to developing additional specimens. In addition, the 
processor may be configured to alter a parameter of an instrument coupled to a process chamber such as a hard 
bake process chamber in response to at least one of the determined properties prior to further processmg of the 

25 specimen in the process chamber. Jn addition examples, die processor may be configured to alter a parameter of an 
instrument coupled to an exposure tool, a post exposure bake chamber, a resist apply chamber, and any other tools 
or chamber included in the cluster tool. 

In a further embodiment, the processor maybe configured to compare at least one determined property of 
the specimen and properties of a plurality of specimens. For example, the plurality of specimens may include 

3 0 product wafers processed prior to the processing of the specimen. At least two properties of the plurahty of 

specimens may be determined prior to processing of the specimen with a system as described h^ein. The plurality 
of specimens may also include specimens witiiin the same lot as the specimen or specimens within a different lot 
than the specimen. As such, the processor may be configured to monitor a process such as a semiconductor 
fabrication process using a wafer-to-wafer comparison technique or a lot-to-lot comparison technique. In this 

3 5 manner, the processor may be configured to monitor the performance of the process and to determine if the 

performance of the process or a process tool is drifting. A method an apparatus for reducing lot to lot CD variation 
m semiconductor wafer processing is illustrated in European Patent Application No. EP 1 065 567 A2 to Su, and is 
mcorporated by reference as if fully set forth herein. 
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Alternatively, the processor may be configuied to compare at least one determined property of the 
specimen to a predetermined range for at least the one property. The predetermined range may be determined, for 
exanq)le, from design constraints for the specimen. In addition, the predetermined range may be determined by . 
using a statistical process control method to determine an average of at least die one property and additional 
5 statistical parameters such as a variance of at least the one property for a process. In addition, the processor may be 
configured to generate an ou^ut signal if at least die one determined property is outside of a predetermined range. 
The output signal may be a visual signal such as a signal displayed on a monitor coupled to the processor. The 
monitor may be disposed in a semiconductor fabrication facihty such that the displayed signal may be viewed by an 
operator. Alternatively, the output signal may be any signal known in the art signal such as an audible signal or a 

1 0 plxirality of signals. 

In addition, subsequent to determining the property of the specimen, the processor may be configured to 
determine if additional processing of the specimen may be performed. Additional processing of the ^)ecimen may 
be altered or performed to alter the determined property. Such additional processing may be commonly referred to 
as "reworking.** In this manner, the processor may be configured to make automated rework decisions. For 

1 S example, such additional processing may include reprocessing the specimen such that one or more process steps, 
which may have already been performed on the specunen, may be repeated. In addition, a parameter of one or 
more mstruments coupled to one or more process chambers configured to perform the repeated process steps may 
be altered in response to the determined property using a feedforward control technique. In this manner, such 
additional processing of the specimen may be configured to alter the determined property by altering a parameter of 

20 the instrument in response to the detemiined property. As such, such additional processing may alter the 

determined property such that the detemiined property may be substantially equal to an e?qpected value for the 
properly or may be within a predetermined range for the property. 

In an additional embodiment, the processor may be configured to alter a sampling firequency of a 
measurem^t device in response to at least one determined property of a specimen. For exanq)Ie, if a determined 

25 property is substantially different than an expected value for the property, or if a determined property is outside of a 
predetemnned range for the property, dien the processor may increase die san^ling firequency of the measurement 
device. The sampling frequency may be altered, for exaniple, such that the measurement device is configured to 
. direct and detect energy from an increased number of locations on the specimen. la tins manner, the sampling 
frequency may be altered using an in situ control technique. In addition, the sanq>ling frequency of tibe 

30 measurement device may be altered to determine statistical data of the determined property across the specimen 
such as an average of the determined property across the specimen. As such, the determined property may be 
classified as a random defect, a repeating defect, or as another such defect. 

In an additional exan^)le, the sampling frequency of a measurement device may be altered such that 
subsequent measurement or inspection of the specimen may be increased. In this manner, the sampling frequency 

35 may be altered using a feedforward control technique. Subsequent measurement or inspection may include 

transferring the specimen to an additional system, which may be configured as described herem, to fiirther examme 
the determined property of the specimen. An appropriate additional system for such further examination of the 
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determined property of the specimen may include a system having a higher sensitivity, a higher magnification, 
and/or an increased resolution capability than the system used to initially determine the property. 

Alternatively, the sampling frequency may be altered such that the measurement device is configured to 
direct and detect energy from an increased number of locations on additional specimens ^t may be in tiie same lot 
5 as the specuoea, Puz&ermore, the samphng freqamcy may be altered such that the measurement device is 

configured to direct and detect energy from an increased number of specimens in the same lot as the specimen or 
from a number of specimens in an increased number of lots. In tiiis manner, the sampling frequency may be altered 
using a feedback control technique. As such, the sampling frequency may be altered using an in situ control 
technique, a feedforward control technique, or a feedback control technique. In addition, each of fliese control 

10 techniques may be used to alter the sampling frequency of a measurement device on a within-wafer basis, a )vithin- 
lot basis, and/or a lot-to-lot basis. 

In a further embodiment, the processor may be configured to generate a database. The database may 
include a set of data that may include at least first and second properties of a specimen. Hie processor may be also 
be configured to calibrate the measurement device using the database. For example, die set of data may include at 

1 5 least a first and second property of a reference specimen. The measurement device may be configured to det^cmine 
the first and second properties of the reference specunen. In this maimer, the processor may be configured to 
calibrate the measurement device by comparing the first and second properties of the reference specimen in the 
database and the determined first and second properties of the reference specimen. For example, the processor may 
be configured to determine a correction factor from the comparison of the first and second properties in the 

20 database and the determined first and second properties of the reference specimen. In addition, the processor may 
be configured to use die correction factor to determine first and second properties of additional specimens. 

In an additional embodiment, the processor may be configured to monitor the measurement device using 
the database. For example, the database may include at least two properties of a specimen. The system may be 
configured to determine at least the two properties of the specimen at predetermined intervals of tnne. Hie 

25 processor may be configured to compare at least the two properties of the specimen determined at different times. 
As such, the processor may be configured to determine if the performance of die measurement device is changing 
over time. In an additional example, the processor may be configured to generate a set of data diat may include at 
least a first property and a second determined property of a plurality of specimens at predetermiaed time intervals. 
As such, the processor may also be configured to conq)are at least the first and second properties of a plmalily of 

30 specimens using the database. The first and second properties of a specunen or a plurality of specimens may be 
determined usmg the measurement device or usmg a plmality of measurement devices. The processor may be 
further coupled to die plurality of measurement devices. Therefore, the processor may also be configured to 
calibrate the plurality of measurement devices using the database as described above. In addition, the processor 
may also be configured to monitor the plurality of measurement devices using the database as described above. 

35 As described above, die processor may be coupled to a plurality of measurement devices. In an additional 

embodiment, die processor may be configured to alter a parameter of an instrument coupled to at least one of the 
plurality of measurement devices. Each of the measurement devices may be configured as a stand-alone metrology 
or inspection device. Alternatively, each of the measurement devices may be coupled to at least one of a plurality 
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of process tools as desciibed heiein. Furtibieimoie, the processor may be coupled to at least one process tool. In this 
manner, tiie processor may be configured to alter a parameter of an instrument coupled to at least one of the 
phttality of process tools. In addition, the processor may be configured to alter a parameter of a plurality of 
instruments. Each ofthe instruments may be coupled to one of&e plurality of process tools. Ihe processor, 
5 however, may also be configured to alter a parameter of a plurality of instruments coupled to at least one of the 
plurality of process tools. For example, &e processor may be configured to alter a parameter of the instrument in 
response to at least one of the determined properties using an in-situ control technique, a feedback control 
technique, and a feedforward control technique. 

In an embodiment, the processor may include a local processor coupled to the measurement device. The 

1 0 processor, however, may also include a remote controller computer or a remote controller computer coupled to a 
local processor. The local processor may be configured to at least partially process a signal generated by the 
measurement device. The signal may be generated by die detection system and may be an analog signal or a digital 
signal. For example, the system may also include an analog-to-digital converter. The analog-to-digital converter 
may be configured to convert a signal generated by die detection system such diat a digital signal may be sent to the 

1 S local processor or the remote controll^ con^uter. In addition, the remote controller con9>uter may be configured 
to further process the at least partially processed signal. For exan^le, the local processor may be configured to 
determine at least a first property and a second property of a specimen. In this manner, the remote controller 
computer may be configured to further process at least the two determined properties. For example, further 
processing the determined properties may include comparing the determined properties to a predetermined range 

20 for each property. In addition, the remote controller computer may be configured to generate an output signal if die 
determined properties are outside of the predetermined range. 

The processor may also take various forms, including, for example, a personal computer system, 
mainframe conq>uter system, workstation, network appliance, Internet appliance, personal digital assistant 
("PDA"), television systeno, or other device. In general, the term "processor" may be broadly defined to enconq)ass 

25 any device having a processor, which executes instructions fiom a memory medium. Exan^les of processors and 
control methods are illustrated in U.S. Patent Nos. 4,571,685 to Ramoshida, 5,859,964 to Wang et al., 5,866,437 to 
Chen et al., 5,883,374 to Madiews, 5,896,294 to Chow et al., 5,930,138 to Lin et al., 5,966,3 12 to Chen, 6,020,957 
to Rosengaus et al., and are incorporated by reference as if fully set forth herein. Additional examples of 
processors and control methods are illustrated in PCT Application Nos, WO 99/59200 to Lamey et al. and WO 

30 00/15870 to Putnam-Pite et al., and are incorporated by reference as if fully set forth herein. 

Fig. 19 illustrates an embodiment of a method for determining at least two properties of a specimen. As 
shown m step 196, the method may include disposing a specimen upon a stage. The stage may be coi^led to a 
measurement device. The measurement device may be configured as described herem. For example, the 
measurement device may mclude an illumination system and a detection system. As shown in step 198, &e method 

3 S may include dkecting energy toward a surface of a specimen using the illumination system. In addition, the 
method may include detecting energy propagating fiom the surface of the specimen, as shown m step 200. 
Furflieimore, the method may include processing the detected energy to determine at least a first property and a 
second property of a specunen, as shown in step 202. The first property may mclude a critical dimension of the 
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specimea A critical dimension may include, but is not limited to, a lat^ dimension of a featuie of die specimen. 
A feature may be formed on an Mppet surfieice of the specimen or in the specimen as described herein. The second 
property may include an overlay misregistration of the specimen. Overlay misregistration may include a lateral 
displacement of a first feature on a first level of a specimen with respect to a second feature on a second level of a 
5 specimen. The first level may be formed above the second level 

The stage may be configured as described hereiiL For example, the stage may be configured to move 
laterally and rotatably. In this manner, the method may include laterally or rotatably moving the stage. Laterally or 
rotatably moving the stage may include arranging the specimen such that energy firom the measurement device may 
be directed to and may propagate jfrom the specimen. The method may also include laterally and/or rotatably 

10 moving the stage while energy is being directed toward a surface of the specimen and while energy is being 
detected from the surface of the specimen. As such, the method may include moving the stage laterally and/or 
rotatably during measurement or inspection of a surfiice of a specunen. In this manner, light may be directed to and 
may propagate firom a plurality of locations on a surface of the specimen during measurement or inspection of a 
surface of the specimen. As such, die system may be configured to determine at least two properties of a spedmen 

IS at multiple locations on die specimen. In a further embodiment, the niethod may mclude rotating the stage wM^ 
moving the measurement device linearly along a lateral dimension of a specimen as described herein. 

An illumination system of the measurement device may be configured as described herein. In addition, a 
detection system of the measurement device may be configured as described herein. For exanqjle, the measurement 
device may include, but is not limited to, a non-imaging scatterometer, a scatterometer, a spectroscopic 

20 scatterometer, a reflectometer, a spectroscopic refiectometer, a spectroscopic ellipsometer, bright field imaging 

device, a dark field imaging device, a bright field and dark field imaging device, a coherence probe microscope, an 
interference microscope, and an optical profilometer. In addition, the measurement device may include any 
combination of the above devices. As such, the measurement device may be configured to tunction as a single 
measurement device or as multiple measurement devices. Because multq)le measurement devices may be 

25 integrated into a single measurement device of a system, optical elements of a first measurement device, for 
example, may also be optical elements of a second measurement device. 

In an embodiment, the method may include processing die detected energy to determine a third property of 
the specimen. A third property of the specimen may include, but is not limited to, a presence, a number, a location, 
and/or a type of defects on the surface of the specimen and a flatness measurement of the specimerL The defects 

30 may include macro defects and/or micro defects as described herein. In addition, the method may include 

processing the detected energy to determine a third property and a fourth property of a specimen. For example, the 
third property may include a presence, a nutxiber, a location, and/or a type of defects on die sur&ce of the specimen, 
and the fourdi property may include a flatness measurement of the specimeiL As such, the mediod may be used to 
determine a critical dimension, an overlay misregistration, a presence, a number, a location, and/or a type of defects 

35 on the specimen, and a flatness measurement of the specimen. The method may include determining such 

properties of a specimen sequ^tially or substantially simultaneously. In an additional embodiment^ die method 
may include directing energy toward a firont side and/or a back side of a specimen. As such, the method may also 
include detecting energy propagating firom the firont side and/or the back side of the specimen, respectively. In this 
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manner, the method may also include determimng a presence, a number, a location, and/or a type of defects on a 
back side of the specimea The defects may mclude macro defects. 

In an embodiment, the stage and measurement device may be coi^led to a process tool such as a 
semiconductor fabrication process tool. The semiconductor febrication process tool may include a lithography tool 
5 as described herein. The stage and measurement device may be anax^ed laterally proximate to ^ process tool as 
described herein. For example, the stage and mieasurement device may be disposed within an ISP system as 
described above. Alternatively, the stage and the measurement device may be disposed within the process tool. 
For example, the stage and measurement device may be disposed within a measurement chamber. The 
measurement chamber may be coupled to the process tool. For example, the measurement chamber may be 

10 arranged laterally proximate to a process chamber of the process tool. Alternatively, the measurement chamber 

may be arranged vertically proximate to a process chamber of the process tool. The measurement chamber may be 
configured to isolate the measurement device and the stage from environmental conditions within the process tool. 

In an embodiment, a support device may be disposed withm a process chamber of the process tool The 
support device may be configured to si^ort the specimen during a process step. For exano^le, a support device 

1 5 disposed within a resist apply chamber of a lilhography tool may include a chuck coupled to a motorized rotation 
device. As such, the support device may be configured to support the specimen during a resist apply process step 
of a lithography process. A support device may also include, for example, a bake plate disposed within a post 
apply bake chamber. The bake plate may be configured to support the specimen during a post apply bake process 
step of the lithography process. An upper surface of the support device may be substantially parallel to an upper 

20 surface of the stage of the system. Alternatively, an upper surface of the stage may be angled with respect to an 

upper surface of the support device. The stage may also be configured to hold a specimen in place at such an angle 
by drawing a vacuum through an upper surface of die stage or by an appropriate mechanical device. In this 
maimer, a stage and measurement device may be substantially perpendicular to a support device disposed within a 
process chamber. As such, the system may be arranged essentially on its "side.** The term **side," as used herem, 

25 generally refers to a lateral sidewall of a conventional metrology or inspection system. Tlie orientation of the stage 
with respect to a support device of a process chamber may vary depending on, for example, the dimensions of a 
process tool and an arrangement of process chambers within the process tool. For exan^le, the stage may be 
arranged at a perpendicular angle with respect to the support device such that the measurment device and stage 
may be disposed within an existing process tool. In this manner, the system may be disposed within a process tool 

30 without reconfiguration of the process chambers. 

In an additional embodiment, ^e process tool may include a wafer handler configured as described herein. 
For example, the wafer liandler may be configured to remove a specimen fiom a process chamber subsequent to a 
step of a process. The wafer handler may also be configured to place a specimen mto a process chaniber prior to a 
step of a process. In diis manner, the wafer handler may be configured to move the specunen fi:om a first process 

35 chaniber to a second process chamber between steps of a process. Disposing &e specimen upon the stage, as 

shown in step 196, may include moving the specimen fiom the process tool to the stage using Hie wafer handler. In 
addition, the method may include moving the specimen to ihe process tool subsequent to directmg energy toward a 
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surface of the specimen and detecting energy propagating from a surface of the specimen. In tills manner, the 
method may include determining at least two properties of the specimen between process steps of a process. 

In an alternative embodmient, the stage of the system may be disposed ^thin a process chamber of the 
process tool. As such, the stage may be configured to function as a support device as described herein and may 
5 support the specimen during a process step. In tiiis manner, disposing the specimen upon a stage, as shown in step 
196, may include disposing tibe specimen upon a support device within a process chaniber of a process tool The 
method may also include directing energy toward a surface of the specimen and detecting energy propagating firom 
the surface of the specimen during a process step. In this manner, die system may be configured to determine at 
leaat two propoi^es of a specimen at predetermined time intervals during a process step. In an embodiment, the 

10 method may also include obtaining a signature characterizing a process step. The signature may include at least 
one singularity that may be representative of an end of the process step as described herein. Furdieimore, the 
method may include altering a parameter of an instrument coupled to a process tool in response to at least one of 
the determined properties using an in situ control technique. 

In an embodiment, the stage and die measurement device may be coupled to a wafer handler of a process 

IS tool The wafer handler amy be coiifigured to support and move a specimen as described herein. In this manner, 
the me&od may include directing energy toward a sarhce of the specimen and detecting energy propagatmg fiom 
die surface of the specimen during movement of the specimen. As such, the method may also include detemuning 
at least two properties of a specimen while moving a specimen from a first process chamber to a second process 
chamber. In this manner, the method may include determining at least two properties of a specimen between any 

20 two process steps of a process. For exan^le, the method may include chilling the specimen in a first process 
chamber. In addition, the method may include applying resist to the specimen in the second process chamber. 

In additional examples, die method may include chilling die specimen in a first process chamber 
subsequent to a post apply bake process step. The method may also include exposing the specimen in die second 
process chamber. Iii a fiirdier exanople, die method may mckde dbiUmg the specimen in a first process chaniber 

25 subsequent to a post exposure bake process and develqpmg the specimen m a second process chamber. 

Additionally, the method may include developing the specimen in a first process chamber and baking the spedmen 
in a second process chamber. Furthermore, the method may include developing the specimen m a first process 
chamber and receiving the specimen in a wafer cassette in die second process chamber. In this manner, the method 
may include detennining at least two properties of a specimen between any two process steps of a semiconductor 

30 fabrication process. 

In an alternative embodunent, the measurement device may be coupled to a process chamber such that 
movmg the specimen to or firom the process chamber may include moving the specimen under the measurement 
device. In this manner, the stage may include the wafer handler. 

In an embodiment; the method may include comparing die determined properties of a specimen and 

35 deteimined properties of a plurality of specimens. For example, the method may include monitoring and evaluating 
a semiconductor fabrication process using a wafer-to-wafer control technique. In addition, the method may include 
comparing properties of a specimen determined at a first location on the specimen to properties of die specimen 
deteimined at a second location on the specimen. As such, the method may include monitoring and evaluating a 
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semiconductor febiicatioix process tising a within-mfer control technique. Alternatively, the mettiod may also 
include comparing the determined properties of a specimen to a predetermined range for each property. The 
predeteimined range may vary depending on, for exanople^ design constraints for each property such as an 
acceptable range of lateral dimensions for a feature on the specimen or an acceptable presence of defects on the 
5 sui&ce of the specimea The method may also mclude graerating an output signal if the determined properties of 
the specimen are outside of the predetermined range for tiie property. The output signal may take various forms 
such as a visual signal and/or an audible signal. In addition, the output signal may be configured to indicate which 
of the determined properties is outside of the predetermined range and ihc extent to which the determined property 
is outside of the predetermined range. 

10 In an additional embodiment, the method may include altering a sanq)Iing frequency of the measurement 

device in response to at least the determined first or second property of the specimen. For example, the method 
may include increasmg a sampling frequency of the measurement device in response to the detennmed properties. 
The sanq)ling frequency may be increased such that at least two properties may be detemiined at an increased 
number of locations on a single specimen. Alternatively, the san^)ling frequency may be increased such that at 

1 S least two properties may be determined for an increased number of specimens such as wifliin a lot of wafers. In 
addition, the sampling frequency may be increased such that at least two properties may be determined for an 
increased number of lots. 

In an exnbodiment, the method may also include altering a parameter of an instrument coupled to a 
measurement device in response to at least one of the determined properties of the specimen using a feedback 

20 control technique. For example, if a property of the specimen is determined to be outside of a predetermined range, 
^e method may include increasing a sampling frequency of a measurement device prior to determining at least two 
properties of additional specimens with the measurement device. The additional specimens may have been 
subjected to substantially the same process step or process as the specimen having at least one property outside of 
the predeteimined range. In this manner, the method may include sanipling an increased waadba of specimens such 

25 that data may be generated, which may be used to determine if the property of the specimen outside of &e 
predetermined range is occurring systematically or randomly. 

In an additional embodiment, the method may include altering a parameter of an instrument coiq>led to a 
measurement device in response to at least one of the determined properties of a specimen using a feedforward 
control technique. For example, the method may include determining at least two properties of a specimen 

30 subsequent to a first process step of a process using a measurement device. The mediod may also include 

determining at least two properties of a specimen subsequent to a second process step of the process using die 
measurement device. If one of the properties of the spedmen determined after the first process step is outside of 
the predetermined range, a sampling frequency of the measurement device may be increased prior to determiiung at 
least two properties after the second process step. For example, the second process step may include reprocessing 

35 the specimen or perfom:ung a process step of a process which has been altered in response to at least one of the 
properties determined afrer the first process step. For example, the second process step may be configured to alter 
the properly of the specimen such that ^e property may be within the predetermined range subsequent to the 
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second process step. In tiiis manner, the method may be used to detetmine if the second process step has altered the 
property of the specimen. 

In an additional embodiment; the method may include genezatzng a database. The database may include at 
least two determined properties of a specimen. The method may also include calibrating the measurement device 
S using the database. For exanq>le, the database may include at least a first and second property of a reference 
specimen. In addition, the method may include determining die first and second prpp^es of the reference 
specimen with the measurement device. In ilm manner, the method may mclude calibrating the measurement 
device by comparing at least one of the properties of the reference specimen in the database and at least one of the 
properties of the reference specimen determined with the measurement device. For example, die method may 

1 0 include determining a correction factor fi*om the comparison of at least one property of the reference specimen and 
using the correction factor to determine at least the first and second properties of additional specimens. 

in an additional embodiment, die method may include monitoring the determined properties generated by 
the measurement device using the database. For example, the database may include at least two properties of a 
specunen. The method may also mclude determining at least the two properties of the specimen at predetermined 

1 5 intervals of time. In this manner, the method may be incbde comparing at least the two properties of the specimen 
in the database to at least the two properties of the specun^ determmed at various times. As such, die me&od may 
include determining if the performance of the measurement device is changing over time. In an additional 
example, the method may include generating a database that may include at least two properties of a plurality of 
specimens. At least the two properties of the plurality of specimens may be determined using the measurement 

20 device. As such, tiie method may include comparing at least one of the determined properties of a plurality of 
specimens using the database. Altematively, the first and second properties of the plurality of specimens may be 
detemiined using a plurality of measuiment devices. IherefoFe, the method may also include cahbrating the 
pluraHty of measurement devices using the database as described above. In addition, the method may also include 
monitoring the determined properties generated by tiie plurality of measurement devices as described above. In an 

25 embodiment, the method may also include altering a parameter of an instrument coupled to each of the plurality of 
measurement devices in response to at least one of the detemiined properties of a specimen. Altering a parameter 
of an instrument coupled to each of a plurality of measurement devices may include any of the embodiments 
described herein. 

In a further embodiment, the method may include altering a parameter of an instrument coupled to a 
3 0 process tool such as a semiconductor fabrication process tool m response to at least one of the determined 

properties of the specimen using a feedback control technique. For example, the mediod may include altering a 
parameter of an instrument coupled to a lithography tool m response to a determmed property as described above. 
In addition, the method may include altering a parameter of an instrument in response to at least one of the 
determined properties of tiie specimen using an in situ control technique. For example, the method may include 
35 temunating a process step at approximately a time tiiat a smgularity is detected by a measurement device. 

Additionally, the method may also include altering a parameter of an instrument coupled to a process tool 
in response to at least one of die determined properties using a feedforward control technique. For example, die 
method may include determming at least two properties of a specimen during a develop process in a develop 
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process chamber. In addition, the metiiod may include altering a parameter of an instrument coupled to a process 
chamber in response to at least one of the determined properties prior to further processing of the specimen in Ae 
process chamber, in addition, the method may include altering a parameter of an instrument coupled to each of a 
plurality of process tools in response to at least one of the determined properties of &e specimen. Altraing the 
S parameter of an instrument coupled to each of a plurality of process tools may include any of the embodiments 
described herein. 

- In an additional embodunent, the method may include monitoring a parameter of an mstrument coi^led to 
a process tool. For example, the method may mclude monitoring a parameter of an instrument coupled to a resist 
apply chamber of a lithography tool. In this manner, the method may include monitoring a spin speed of a 

1 0 motorized chuck of the resist apply chamber, a dispense time of a dispense system of the resist ^ply chamber, 

and/or a temperature and a humidity of the resist apply chamber. In addition, the method may include determining 
a relationship between a determined property of a specimen and the monitored parameter of an iostrument For 
example, the method may include determining a relationship bettveen a preseuce of defects on &e sur&ce of a resist 
formed on a specimen and the temperature and/or humidity of the resist apply chamber. Furthermore, the method 

1 S may include altering the monitored parameter of tiie iostrument in response to the relationship. For example, the 
method may include using a determined relationshq» to alter a parameter of an instrument coupled to the resist 
apply chamber such that the temperature and humidity of the resist apply chamber may be altered in response to a 
determined presence of defects on the surface of the specimen. In an additional embodiment^ the method may 
include altering a parameter of an instrument coupled to each of a plurality of process tools in response to at least 

20 one determined property of the specimen. Altering a parameter of an instrument coupled to each of a plurality of 
process tools may include any of the embodiments as described herein. 

In an additional embodiment, processing the detected energy may include using a processor to determine 
the first and second properties of a specimen. The processor may be coupled to the measurement device. The 
method may, therefore, include sending a signal representative of the detected energy to the processor. The 

25 processor may also be configured as described in above embodiments. For example, the processor may include a 
local processor coupled to a remote controller computer. The local processor may be coiq)led to a measurement 
device as described in above embodiments. Fig. 20 illustrates an embodiment of a method for determining at least 
two properties of a specimeiL For example, as shown in step 202, the method may include processing the detected 
energy to determine a first property and a second property of the specimen usiog a processor. As shown in step 

30 206, processing the detected light may also include at least partially processing the detected energy using a local 
processor. The me&od may also include sending die partially processed detected energy fi-om the local processor 
to a remote controller conq}uter, as shown in step 208. In addition, the method may further include fiirdier 
processmg the at least partially processed detected light using the remote controller computer, as shown in step 210, 
In an embodiment; at least partially processizig the detected energy may include determining at least two 

3 5 properties of a spedmea As such, further processing the detected.energy may include processing fbs detemuned 
properties of the specimen. For example, processing flie determined properties may include generating a database 
as described in above embodiments. In addition, processing the determined properties may include using at least 
one of the determined properties and a relationship between at least one property of the specimen and a parameter 
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of an instrument coupled to a process tool to determine an altered parameter of the instrument At least partially 
processing the detected light and fiur&er processing the detected light may also include additional steps as described 
herein. 

An embodiment also relates to a semiconductor device that may be fabricated by a method, which may 
include any of the steps as described herein For example, an embodiment of a method for fabricating a 
semiconductor device is illustrated in Fig. 19. As shown in step 204, the mediod may include fabricating a portion 
of the semiconductor device on a specimen such as a wafer. Fabricating a portion of a semiconductor device may 
include using a semiconductor fabrication process to process the specimen. Appropriate semiconductor fabrication 
processes may include, but are not limited to, Hthography, etch, ion implantation, chemical vapor deposition, 
physical vapor deposition, chemical-mechanical polishing, and plating. In addition, fabricating a portion of the 
semiconductor device may include using a step of a semiconductor fabrication process to process the specimen. 

In an embodiment, a method for fabricating a semiconductor device may also include disposing a 
specimen upon a stage, as shown in step 196. In addition, a method for £ibricating a semiconductor device may 
further mclude directing energy toward a surface of the portion of the semiconductor device formed on the 
specimen, as shown in step 198. The method may also include detecting energy propagating &om a sur&ce of the 
portion of the senuconductor device formed on the specimen, as shown in step 200. As further shown in step 202, 
the method may furdier include processmg the detected light to determine at least two properties of the portion of 
the semiconductor device formed on the specimen. Furthermore, a method for fabricating a semiconductor device 
may include any of the steps as described herein. 

Fig. 21 illustrates an embodiment of a coir^uter-implemented method for controlling a system to 
determine at least two properties of a specimen. In an embodiment, the system may include a measurement device. 
As shown in step 212, the method may kiclude controlling the measurement device, which may include an 
illumination system and a detection system. The measurement device may be coupled to a stage. The 
measurement device may furdier be configured as described herein. In addition, the method may include 
controlling die illumination system to direct energy toward a sur£ice of a specimen, as shown in step 214. The 
method may furdier include controlling die detection system to detect energy propagating firom die sur&ce of the 
specimen, as shown in step 216. Furthermore, the method may include processing the detected energy to determine 
at least a first property and a second property of die specimen, as shown in step 218. The first propoty may include 
a critical dimension of the specimen. The critical dimension may include, but is not limited to, a lateral dimension, 
a height, and/or a sidewall angle of a feature formed on a surface of the specimen. Alternatively, the critical 
dimension may include a lateral dimension, a height, and/or a sidewall angle of a feature formed within a specimen. 
The second property may include an overlay misregistration of the specimen. 

In an embodiment, the method may also include controlling the stage, which may be configured to support 
the specunen. For example, the method may include controlling the stage to move die stage laterally, rotatably, or 
laterally and rotatably. The stage may be controlled to move while the illumination system is directing energy 
toward the surface of the specimen and while the detection system is detecting energy propagating from the surface 
of the specunen. 

In an additional embodiment, the method may also include processing the detected energy to determine a 
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third property of tbe specimen. For exan^le, the tiikd property may include a presence of defects on a surface of 
the specimen. The diird property may also include a number, a location, and/or a type of defects on a surface of the 
specimen. The defects may include micro defects, macro defects, or micro and macro defects. In an embodiment, 
the method may also include controlling illumination system to direct energy toward a back side of the 
5 specimen. The method may further include controlling &e detection system to detect energy propagating from the 
back side of the specimen. As such, the third property of &e specimen may also include a presence of defects on 
the back side offht specimen. Such defects may include macro defects. In addition, a third property may also 
include a flatness measurement of the specimen. In an additional embodiment, the method may also include 
processing tiie detected light to determine a third and a fourth property of the specimen. In this maimer, the third 

1 0 and fourth properties may include, but are not limited to, a presence, a number, a location, and/or a type of defects 
on a surface of the specimen and a flatness measurement of the specimen. In addition, the mediod may include 
determinmg at least two of &e properties substantially simultaneously. The mediod, however, may also mclude 
deteiminmg all fomr of the properties described above sequentially or substantially simultaneously. 

In an embodiment, the stage and the measurement device may be coi^led to a process tool as described 

15 herein. Forexample, the stage and measurement device may be coiqpled to a lithography tool. The method may 
also include controlling a wafer handler of die process tool to move the specimen from the process tool to the stage. 
The wafer handler may be configured as described herein. Alternatively, the method may include controlling the 
stage to move the specimen from the system to the process tool. In a further embodiment, the method may also 
include controlling the stage to move the specimen from a first process chamber to a second process chamber. The 

20 first and second process chambers may be configured as described herein. In this manner, the method may also 
include controlling the illumination system to direct energy toward a surface of the specimen while the stage is 
moving die specimen from the first process chamber to the second process chamber. In addition, the method may 
also include controlling the detection system to detect energy propagating fimn the surface of the spedmen while 
the stage is moving the specimen from the first process chamber to die second process chamber. As such, the 

25 method may include determining at least two properties of the specunen between any two process steps of a 
process. 

In an additional embodunent, the method may mclude controUmg the illumination system to direct energy 
toward a surface of the specimen during a process step. In addition, the method may also include controlling the 
detection system to detect energy propagating from the surface of the specimen during the process step. As such, 

30 the method may also include processing the detected energy to determine at least two properties of the specimen at 
predetermined time intervals during the process step. In this manner, die method may also include controlling the 
system to obtain a signature characterizmg the process step. The signature may include at least one singularity, 
which may be representative of an end of the process step. In addition, the method may also include controlling the 
system to alter a parameter of an instrument coiqpled to die process tool in response to the determined properties 

35 using an in situ control technique. FurthCTiore, die compute-implemented znefhod may also include any of die 
steps as described herem. 

In an embodiment, a controller may be coupled to the system Tlie controller may be a con:q)uter system 
configured to operate software to control the system according to the above embodunents. The con^uter system 
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may include a memory medium on which computer programs may be stored for controlling the system and 
processing the detected energy. The term ^'memory medium" is intended to include an installation medium, e.g., a 
CD-ROM, or floppy disks, a con:q)uter system memory such as DRAM, SRAM, EDO RAM, Rambus RAM, etc., or 
a non-volatile memory such as a magnetic media, e.g., a hard drive, or optical storage. Th& memory medium may 
5 include other types of memory as well, or combioations thereof, hi addition, the memory medium may be located 
in a first computer in which the programs are executed, or may be located in a second different computer that 
connects to the first computer over a network. In the latt^ mstance, &e second computer provides &e program 
instructions to the first computer for execution. Also, the computer system may take various forms, including a 
personal computer system, mainframe computer system, workstation, network appliance, Intemet appliance, 
10 personal digital assistant (*TDA"), television system or other device. In general, the term "computer system" may 
be broadly defined to encompass any device having a processor, which executes instructions from a memory 
medium. 

The memory medium may be configured to store a software program for the operation of the system to 
detemnne at least two properties of a specimen. The software program may be unplemented in any of various ways, 

1 5 including procedure-based techniques, component-based techniques, and/or object-oriented techniques, among others. 
For example, the software program may be in^l^ented usmg ActiveX controls, C++ objects, JavaBeans, Microsoft 
Foundation Classes CMFC), or other technologies or methodologies, as desued. A CPU, such as the host CPU, 
executing code and data from the memory medium may include a means for creating and executing the software 
program according to the methods described above. 

20 Various embodiments further include receiving or storing instractions and/or data implemented in 

accordance with the foregoing description upon a carrier medium. Suitable carrier media include memory media or 
storage media such as magnetic or optical media, e.g., disk or CD-ROM, as well as signals such as electrical, 
electromagnetic, or digital signals, conveyed via a communication medium such as networks and/or a wireless tmk. 
An embodiment relates to a system which may be configured to determine at least two properties of a 

25 specimen, which may include a presence of defects on the specimen and a thin film characteristic of the specimen. 
For exan^le, a presence of defects may be determined on a front side or a back side of a spechnen as described 
herein. The defects may also include subsurface defects and/or a presence of macro defects on a backside of a 
specimen, which may include copper contamination and/or resist contamination. In addition, the thin film 
characteristic may include a thickness of a film such as copper. The system may be configured as described herein, 

30 In addition, the processor of such a system may be configured to determine additional properties of die specimen 
from energy detected by a measurement device. In an embodiment, the measurement device may be configured as 
a non-imaging scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, a spectroscopic 
refiectometer, an eUipsometer, a spectroscopic ellipsometer, a bright field imagmg device, a dark field imaging 
device, a bright field and dark field imaging device, a bright field non-imaging device, a dark field non-imaging 

35 device, a bright field and dark field non-hnaging device, a double daik field device, a coherence probe microscope, 
an interference microscope, an optical profilometer, a dual beam spectrophotometer, a beam profile ell^someter, or 
any combination thereof. In this manner, the measurement device may be configured to frmction as a single 
measurement device or as multiple measurement devices. Because multiple measurement devices may be 
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integiated into a single measui^ent device of the system, optical dements of a first measurement device, for 
example, may also be optical elements of a second measurement device. Such a system may be coupled to a 
diemical-mechanical polishing tool, a deposition tool, an etch tool, a cleaning tool such as a wet or dry stripping 
tool, or a thermal tool such as a furnace configured to perform rapid thermal processing ("RTP*0 of a specimen as 
5 described herein. Examples of cleaning tools are illustrated in PCT Application No. WO 00/17907 and 

"Chemically Assisted Laser Removal of Photoresist and Particles firom Semiconductor Wafers," by Genut et al. of 
Oramir Semiconductor Equipment Ltd., Israel, presented at the 28*** Annual Meeting of the Fine Particle Society, 
April 1-3, 1998, which are incorporated by reference as if fully set forth herein. 

Spectroscopic ellipsometry may include focusing an incidence beam of polarized light on a specimen and 

1 0 monitoring a change in polarization of at least a portion of the beam propagating from the specimen across a broad 
spectrum of wavelengths. Examples of spectroscopic eUipsometers are illustrated in U.S. Patent Nos. 5,042,951 to 
Gold et al., 5,412,473 to Rosencwaig et al, 5,581,350 to Chen et al., 5,596,406 to Rosencwaig et al., 5,596,411 to 
Fanton et al., 5,771,094 to Carter et aL, 5.798,837 to Aspnes et al., 5,877,859 to Aspnes et aL, 5,889,593 to Bareket 
et al., 5,900,939 to Aspnes et al., 5,917,594 to Norton, 5,973,787 to Aspnes et al., 6,184,984 to Lee et al., and are 

1 5 incorporated by reference as if fully set forth herein. Additional exaixq)les of spectroscopic ell^someters are 

illustrated m PCT Application No. WO 99/02970 to Rosencwaig et aL and is incorporated by reference as if fully 
set forth herein. 

A measurement device configured as a spectroscopic ellipsometer may include a polarizer, which may be 
coupled to the detection system. A beam propagating from the specimen pass through the polarizer. Prior to 

20 passing through the polarizer, the returned beam may have elliptical polarization. After passing through the 
polarizer, the beam may be linearly polarized. The reflected hght then pass through an analyzer coupled to the 
detection system and into a dispersion element, or a spectrometer. The dispersion element may be configured to 
separate beam components having different wavelengths. The separated components of the beam may be detected 
by individual elements of a detector array. The polarizer is usually rotating such that a time varying intensity may 

25 be detected by the elements of the detector array. 

A processor of the system may receive a signal responsive to the detected light from each element of the 
detector array and may process the signal as described herem. For exanq)le, an intensity of hg^t at each element of 
the detector array may be converted to ellipsometric parameters, \|r and A, by mathematical equations known in tiie 
art. The ellipsometric parameters may be typically shown as tan \|/ and cos A. Tan v is the ampHtude of the 

30 complex ratio of the s and p components of the reflectivity of the sample, and A is the phase of the complex ratio of 
the s and p components of the reflectivity of the sample. The term "s component" is used to describe the 
component for the polarized radiation having an electrical field perpendicular to the plane of incidence of die 
reflected beam. The term **p component is used to describe the component for the polarized radiation having an 
electrical field in the plane of incidence of the reflected beam. For veiy thin fihns, tan \|f may be independent of 

35 thickness, and A may be linearly proportional to the thickness. 

Software integrated into the processor of the system may be configured to convert the ellipsometric 
parameters, \|/ and A, to an optical property of a specimen usmg a mathematical, or optical, model. IVpicalty, a 
personal computer having a software package operable to rapidly performing data-fitting calculations such as a 
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least-squares fitting technique may be appropriate for this use. Because ellipsometric parameters including and A 
may be detemiined at smaU increments across a broad spectrum of wavelengths and at several angles, several 
hundred data points may be included m the calculations. Several software packages configured for use with 
spectroscopic ellipsometeis that are capable of handling such a laige amount of data are commercially available. 
S The processor that may be used to receive a signal responsive to the detected light &om each element of the 
detector array may be also used to perfomi the iterative data-fitting calculations. Exan^les of such software 
packages may be incoiporated into operating systems of spectroscopic ellipsometers, which have been included by 
reference above, and are typically commercially available. 

There are several optical models that may be used to analyze ellipsometric data. Examples, of such 

1 0 models include, but are not limited to, a cauchy model, a harmonic oscillator model, and a polynomial series 
expansion model. An appropriate model, however, may be chosen based on specimen characteristics, desired 
optical properties of the specimen, and the computational difficulty associated with the model For example, the 
cauchy model is a relatively straightforward mathematical model. The cauchy model, however, may not be valid 
for wavelengths at which a spechnen exhibits absorption. Additionally, optical properties of several layers of a 

1 5 ^ecimen may also be determined smmltaneously by using an appropriate optical model or a combination of optical 
models. Therefore, when using spectroscopic ell^sometry to analyze a spechnen, one or more optical models may 
be more appropriate for analysis than others. 

Thicknesses, indexes of refraction, and extinction coefScients for a layer of a specimen, a portion of a 
layer of a specimen, or several layers of a specimen may be determined ftom ellipsometric parameters using an 

20 optical model The index of refraction, "n," is related to the speed of light as it moves through a medium and is 
dependent upon the wavelength of the light. The extinction coefficient, **k," is also dependent upon wavelength 
and relates to absorption of light by a medium. The extinction coefficient may also be used to determine the 
absorption coefficient for a given wavelength. Further discussion of the ellipsometric parameters and the optical 
properties of materials is illustrated in U.S. Patent No. 4,905,170 to Forouhi, et al. and is mcorporated by reference 

25 as if fully set forth herein. 

Fig. 22 illustrates an embodiment of a system configured to determine at least two properties of a 
specimen coupled to chemical-mechanical polishing tool 222. Chemical-mechanical polishing (*'CMP") may 
typically be used m the semiconductor industry to partially remove or planarize a layer on a specimen. Chemical- 
mechanical polishing may include holding and/or rotatmg a spechnen against a rotating polishing platen under 

30 controlled pressure. Chemical-mechanical polishing tool 222 may include polishing head 224 configured to hold 
specimen 226 against polishing platen 228. Polishing head 224 may include a number of springs 230 or another 
suitable mechanical device, which may be configured to apply an adjustable pressure to a back side of spechnen 
226. Polishing head 224 may also be configured to rotate around a central axis of the polishing head. In addition, 
polishing head 224 may also be configured to move linearly widi respect to the polishing platen. 

35 Polishing platen 228 may also mclude a polishmg pad 232. The polishmg pad may have a back layer, 

which may be configured such that polishing pad 232 may be securely coiq>led to polishing platen 228. Polishing 
pad 232 may also have an upper layer which may be configured to contact and polish specimen 226. The upper 
layer of polishing pad 232 may include, for exan^le, an open cell foamed polyurethane material or a polyurethane 
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layer having a grooved sur&ce. The upper layer may also include additional abrasive materials or particles 
configured to partially remove or polish specimen 226. Polishing platen 228 may also be configured to rotate 
around a central axis of the polishing platen. For example, polishing platen 228 may be configured to rotate in a 
first direction, and polishing head 224 may be configured to rotate in a second direction. The first direction may be 
5 substantially opposite to tiie second direction. 

Chemical-mechanical polishing tool 222 may also include dispense system 234. The dispense system may 
be configured to automatically dispense a polishing chemical such as a chemical polishing slurry onto polishing pad 
232. A chemical polishing slurry may include abrasive particles and at least one chemical. For exan^le, abrasive 
particles may include fused-silica particles, and a chemical may include potassium hydroxide. Altematively, 

1 0 polishing pad 232 may be sufficientiy abrasive such that the chemical pohshing solution may be substantially fiee 
of particles. Suitable combioations of a polishing chemical and a polishing pad may vary depending on, for 
exan^le, a composition and a topography of an upper layer on specimen 226 which is being partially removed or 
planarized and/or a composition and a topography of an underlying layer. 

A system configured to determine at least two properties of a specimen may include measurement device 

1 5 220 cot^led to chemical-mechanical polishing tool 222. The measurement device may be configured according to 
any of the embodiments described herein. For example, measurement device 220 may be a non-imaging dark field 
device, a non-imaging bright field device, a non-imaging dark field and bright field device, a double dark field 
device, a dark field imaging device, a bright field imaging device, a dark field and bright field imaging device, a 
spectroscopic ellipsometer a spectroscopic reflectometer, a dual beam spectrophotometer, and a beam profile 

20 ellipsometer. In addition, the measurement device may include any combination of the above devices. As such, the 
measurement device may be configured to function as a single measurement device or as multiple measurement 
devices. Because mult^le measurement devices may be integrated into a single measurement device of the system, 
optical elements of a first measurement device, for example, may also be optical elements of a second measurement 
device. 

25 The measurement device may be coupled to the chemical-mechanical polishing tool such that the 

measurement device may be external to polishing platen 228. In this manner, the measurement device may be 
coupled to chemical-mechanical polishing tool 222 such that the measurement device may not interfere with the 
operation, performance, or control of the chemical-mechanical polishing process. For example, polishing platen 
228 and polishing pad 232 may be retrofitted such that a small section of a substantially optically transparent 

30 material 236 may be disposed within the polishing platen and tiie polishing pad. The configuration of the chemical- 
mechanical polishing tool, however, may determine the placement and dimensions of the transparent material 
section 236. 

The small section of transparent material 236 may transmit an incident beam of tight from a light source of 
measurement device 220 outside the polishing platen to a surface of specimen 226 held m place by polishmg head 
35 224 and light propagating from a surface of specimen 226 to a detector of measurement device 220 external to the 
polishing platen. The optically transparent material 236 may have optical or material properties such that light 
from a light source of measurement device 220 and light propagating from a surface of specunen 226 may pass 
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through the transparent sections of the polishing platen and the polishing pad without undesirably altering the 
properties of the incidrat and returned light beams. 

Polishing chemicals such as chemical-polishing slurries, however, may include abrasive particles, 
chemicals, and material removed from the specimen, which may interfere with light from the light source and light 
5 propagating &om a sur&ce of the specimen. In an embodiment, therefore, die section of transparent material 236 
may be configured to function as a self-clearing objective. The self-clearing objective may include an optical 
component configured to transmit light from a light source toward a surface of specimen 226. A self-clearing 
objective may also be configured to flow a substantially transparent fluid between the self-clearing objective and 
the specimen. The flowing flmd may be configured to remove abrasive particles, chemicals, and material removed 

1 0 from the specimen such that light may be transmitted from the measurement device to the specimen and from the 
specimen to a detector of the measurement device without undesirable alterations in the optical properties of the 
light. Examples of self-clearing objectives are illustrated in U.S. Patent Application Serial Nos. 09/396, 143, 
"Apparatus and Metiiods for Performing Self-Clearing Optical Measurements," to Nikoonahad et al., and 
09/556,238, "Apparatus and Methods for Detecting Killer Particles During Chemical Mechanical Polishing," to 

15 Nikoonahad et al., and are incorporated by reference as if fully set forth herein. In this manner, the measurement 
device may be coupled to a stage (i.e., polishing platen 228) disposed within the process chamber and configured to 
support the specimen. 

Examples of chemical-mechanical polishing systems and methods are illustrated in U.S. Patent Nos. 
5,730,642 to Sandhu et al., 5,872,633 to Holzapfel et al., 5,964,643 to Birang et al., 6,012,966 to Ban et al., 

20 6,045,433 to Dvir et al., 6,159,073 to Wiswesser et al., and 6,179,709 to Redeker et al., and are incorporated by 
reference as if ftdly set forth herein. Additional examples of chemical-mechanical polishing systems and methods 
are illustrated in PCX Application Nos. WO 99/23449 to Wiswesser, WO 00/00873 to Campbell et al., WO 
00/00874 to Campbell et al., WO 00/18543 to Fishkin et al., WO 00/26609 to Wiswesser et al, and WO 00/26613 
to Wiswesser et al., and European Patent Application Nos. EP 1 022 093 A2 to Birang et al. and EP 1 066 925 A2 

25 to Zunigaetal., and are incorporated by reference as if fully set forth herein. An additional example of an 

integrated manufacturing tool including electroplating, chemical-mechanical polishing, clean and dry stations is 
illustrated PCT Application No. WO 99/25004 to Sasson et al., and is mcorporated by reference as if fully set forth 
herein. 

An ernbodiment relates to a system tiiat may be configured to determine at least two properties of a 
30 specimen including a presence of defects on a specimen and a critical dimension of the specimen. Hie system may 
be configured as described herein. For example, the system may include a processor coupled to a measurement 
device and configured to detemaine at least a presence of defects and a critical dimension of the specimen from one 
or more output signals of the measurement device. In addition, the processor may be configured to determine other 
properties of the specimen from the one or more output signals. In an embodiment, the measurement device may 
35 include a non-imagmg scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, a 

spectroscopic reflectometer, an ellipsometer, a spectroscopic ellipsometer, a bright &ld imaging device, a dark 
field imaging device, a bright field and dark field imaging device, a bright field non-imaging device, a dark field 
non-imaging device, a bright field and dark field non-imaging device, a coherence probe microscope, an 
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interference microscope, an optical profflometer, or any combination thereof. Such a system may be coupled to a 
process tool such as a lithography tool, an etch tool, a deposition tool, or a plating tool as described herein. 

In an embodiment, a system configured to determine at least a presence of defects on a specimen and a 
critical dimenginTi of the specimen may be coupled to an etch tool as described herein. The presence of defects may 
S include a presence of defects on a back side of the specimen. In addition, the systm may be further configured to 
determine a number, a location, and/or a type of defects on the specimen. The system may be coupled to file etch 
tool such that at least a presence of defects on the specimen and a critical dimension of the specimen ftiay be 
determined prior to and subsequent to an etch process or a step of an etch process. As described herein, at least one 
of the determined properties may be used to alter a parameter of one or more instruments coupled to a process tool. 

1 0 For example, a determined critical dimension of the specimen may be used to alter a parameter of one or more 

instruments coupled to a hthography tool using a feedforward control technique or a feedback control technique. In 
addition, a determined presence of defects on the specimen may be used to alter a parameter of one or more 
instruments coupled to die hthography tool using a feedforward control technique of a feedbadc control technique. 
In an embodiment, a system may be configured to determine at least two properties of a specimen 

1 5 including a critical dimension of die specimen and a thin film characteristic of the specimen. The system may be 
configured as described herein. For example, the system may include a processor coupled to a measurement 
device. The processor may be configured to determine at least a critical dimension and a thin film characteristic of 
the specimen from one or more output signals generated by the measurement device. In addition, the processor 
may be configured to determine other properties of the specimen fix>m die one or more output signals. In an 

20 embodiment, the measurement device may include a non-imaging scatterometer, a scatterometer, a spectroscopic 

scatterometer, a reflectometer, a spectroscopic reflectometer, an ellipsometer, a spectroscopic ellipsometer, a photo- 
acoustic device, a grazdng X-ray reflectometer, a bright field imaging device, a dark field imaging device, a bright 
field and dark field imaging device, a coherence probe microscope, an interference microscope, an optical 
profUometer, a dual beam spectrophotometer, a beam profile elhpsometer, or any combination thereof. Such a 

25 system may be coupled to a process tool such as a lithography tool, an etch tool, a deposition tool, or a plating tool 
as described herein. 

In addition, a system configured to determine at least a critical dimension and a thin film characteristic of a 
specimen may be coupled to a chemical-polishing tooL For exanq)le, the processor may be configured to determine 
a critical dimension of a feature on the specimen &om one or more output signals fi:om a non-imaging 

30 scatterometer, a scatterometer, or a spectroscopic scatterometer. In addition, the processor may be configured to 
determine a thickness of a layer on the specimen fi*om one or more ou^ut signals from a refiectometer, a 
spectroscopic reflectometer, an ellipsometer, a spectroscopic ellipsometer, a photo-acoustic device, and/or a grazing 
X-ray reflectometer. For example, an ellipsometer or a spectroscopic ellipsometer may be configured to generate 
one or more output signals responsive to a thickness of metal and semi-metallic layers having relatively tiun 

35 thicknesses and relatively thick transparent layers. A photo-acoustic device may be configured to generate one or 
more output signals responsive to a thickness of relatively thin metal layers, and a grazing X-ray r^ectometer may 
be configured to generate one or more output signals responsive to relatively thick and relatively thin layers, hi this 
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manner, a system, as described herein, may be configured to determine a fliickness of layers having a broad range 
of thicknesses and materials. 

The system may be coupled to a chemical-mechanical polishing tool according to any of the embodiments 
described herein. For example, &e measurement device may be coupled to a polishing pad of a chemical- 
5 mechanical polishing tool such that the system may detemnne at least two properties of a specimen disposed upon 
the polishing pad. Alternatively, die measurement device may be coupled to a chemical-mechanical polishing tool 
such that the system may determine at least two properties of a specimen being disposed upon or removed from the 
polishing pad. For example, the measurement device may be coupled to a chemical-mechanical polishing tool such 
that a robot wafer handler may move below or above the measurement device. In an alternative embodiment, the 

10 measurement device may be coupled to a robotic wafer handler of a chemical-mechanical polishing tool. In this 
manner, the system may be configured to determine at least two properties of the specimen as the robotic wafer 
handler is moving the specimen. 

In a furtiier exnibodiment, tiie measurement chamber may coupled to and disposed laterally or vertically 
proximate an exit chamber of a chemical-mechanical polishing tooL An exit chamber of a chemical-mechanical 

1 S polishing tool may include a water bath configured to receive a specimen subsequent to a chemical-mechanical 
polishing process. The water bath may be used to remove chemicals, slurry particles, and/or specimen particles 
remaining on the specimen subsequent to a chemical-mechanical polishing process. In this manner, the system may 
be configured to determine at least two properties of tiie specimen as die specimen is disposed within or moving 
through the exit chamber. 

20 In an additional embodiment, the measurement device may be disposed in a measurement chamber, as 

described with respect to and shown in Fig. 16. The measurement chamber may be coupled to a chemical- 
mechanical polishing tool, as shown in Fig. 17. For example, the measurement chamber may be disposed laterally 
or vertically proximate one or more polishing chambers of a chemical-mechanical polishing tool. In addition, the 
measurement chamber may disposed laterally or vertically proximate a load chainber of a chemical-mechanical 

25 polishing tool. A load chamber of a chemical-mechanical polishing tool may be configured to support multiple 

specimen such as a cassette of wafers that are to be processed in the chemical-mechanical polishing tool. A robotic 
wafer handler may be configured to remove a specimen from the load chamber prior to processing and to dispose a 
processed specimen into die load chamber. Furthermore, the measurement chamber may be disposed in odier 
locations proxhnate a chemical-mechanical polishing tool such as anywhere proximate the chemical-mechanical 

30 polishing tool where theie is sufficient space for the system and anywhere a robotic wafer handler may fit such tiiat 
a specimen may be moved between a polishing pad and the system. 

In an additional embodiment, a system may be configured to determine at least three properties of a 
specimen including a critical dimension of die specimen, a presence of defects on the specimen, and a thin film 
characteristic of the specimen. The defects may also include subsurface defects and/or a presence of macro defects 

35 on a backside of a specimen, which may include, but are not limited to, copper contamination and/or resist 
contamination. In addition, the thin film characteristic nmyinchide a duckness of a film such as coppe^^ The 
system may be configured as described herein. For example, the system may also include a processor coupled to a 
measurement device and configured to determine at least a critical dimension, a presence of defects, and a thin film 
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characteristic of the specimen from one or more output signals generated by the measurement device. In addition, 
tiie processor may be configured to deteimine other properties of the specimen from die one or more output signals. 
In an embodiment, the measurement device may inchide a non-imaging scatterometer, a scatterometer, a 
spectroscopic scatterometer, a reflectometer^ a spectroscopic reflectometer, an ell^someter, a spectroscopic 
5 ellipsometer, a bright field imaging device, a daxk field imaging device, a bright field and dark field imaging 
device, a bright field non-imaging device, a dark field non-imaging device, a bright field and daik field nonr 
hnaging device, a coherence probe microscope, an mteiference microscope, an optical profilometer, a dual beam 
spectrophotometer, a beam profile ellipsometer, or any combination thereof Such a system may be coupled to a 
process tool such as a lithogiaphy tool, an etch tool, a deposition tool, or a plating tool as described herein. 

10 In an embodiment, a system may be configured to determine at least two properties of a specimen 

including a presence of macro defects on the specimen and a presence of micro defects on tiie specimen. The 
system may be configured as described herein. For example, the system may include a processor coupled to a 
measurement device. The processor may be configured to detennine at least a piesence of macro defects and a 
presence of micro defects on die specimen from one or more output signals generated by the measurement device. 

IS In addition, the processor may be configured to determine other properties of the specimen from the one or more 
output signals. For example, the processor may be configured to determme a presence of subsurface defects such 
as voids from one or more output signals generated by a measurement device such an e-beam device, an X-ray 
reflectometer, or an X-ray fluorescence device. Such voids may be problematic, in particular for copper stmctures, 
if the voids fill with chemicals such as plating solutions, which may corrode the metal. In addition, the processor 

20 may be configured to determine a thickness of a metal layer such as copper on the specimen from one or more 
output signals generated by a measurement device such as an X-ray refiectometer and/or an X-ray fluorescence 
device. 

Furthermore, the processor may be configured to determine a presence of macro defects on a backside of a 
specimen from one or more output signals generated by a measuron^t device such as an optical fluorescence 

25 device. The macro defects iimy include copper contamination and/or resist contamiiiation. An optical fluorescence 
device may be configured to direct a beam of light to a surface of a specnnen to induce fluorescence of the 
specimen. The directed beam of light may have a wavelength of approximately 364 ran. The wavelength of the 
directed beam of light may vary, however, depending upon, for example, a material that may be a defect. The 
optical fluorescence device may be further configured to detect fluorescence of the specimen and to generate one or 

30 more output signals in response to the detected fluorescence. A processor may be configured to determine a 

presence of macro defects, for example, by comparing detected fluorescence at multiple points on the specimen. 

In an embodiment the measurement device may include a non-imaging scatterometer, a scatterometer, a 
spectroscopic scatterometer, a reflectoniieter, a spectroscopic reflectometer, an ell^someter, a spectroscopic 
ellipsometer, a bright field hnaging device, a dark field unagmg device, a bright field and daxk field imaging 

35 device, a bright field non-imaging device, a dark field non-imaging device, a bright field and dark field non- 
imaging device, a double dark field device, a coherence probe microscope, an interference microscope, an optical 
profilometer, an e-beam device such as a scanning electron microscope or a tunneling electron nncroscope, an X- 
ray reflectometer, an X-ray fluorescence device, an optical fluorescence device, an eddy current imagmg device. 
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and a relatively large-spot e-beam device, or any combination (hereof. For example, an appropriate combiziation 
may include an eddy current imaging device and a relatively large<spot e-beam device. An eddy current imaging 
device may generate one or more ou^ut signals that may be used to as a qualitative excursion monitor for a 
presence of macro defects on a sur&ce of this specimen. The eddy current imaging device may be configured as 
5 described herein. A large-spot e-beam device such as a scanning electron microscope may have relatively low 
resolution and a relatively low data rate. One or more oulput signals generated by such an e-beam device may 
include a voltage contrast that may vary depending upon a presence of defects such as macro defects on the surface 
of the specimen. An example of an e-beam device is illustrated in U.S. Patent Application entitled "Sectored 
Magnetic Lens," by John A. Notte IV, filed on June 15, 2001, which is incorporated by reference as if fully set 
10 forth hereiiL 

Such a system may be coupled to any of the process tools as described herein. For example, the system 
may be coupled to a lithography tool or an etch tool as described herein. 

In an embodiment, a system may be configured to determine at least two properties of a specimen 
including a presence of macro defects on at least one surface of the specimen and overlay misregistration of the 

15 specimen. Hie determined properties may also include a number, a location, and a type of macro defects present on 
at least one surface of the specimeiL At least one surface of the specimen may include a back side and/or a firont 
side of the specimen. The system may be configured as described herein. For example, the system may include a 
processor coupled to a measurement device. The processor may be configured to determine at least a presence of 
macro defects and overlay misregistration of the specimen from one or more output signals generated by the 

20 measurement device. In addition, the processor may be configured to determine other properties such as a critical 
dimension of a feature on the specimen from the one or more output signals. In an embodiment, the measurement 
device may inchide a scatterometer, a non-imaging scatterometer, a spectroscopic scatterometer, a refiectometer, a 
spectroscopic refiectometer, an ellipsometer, a ^ectroscopic ellipsometer, a beam profile ell^someter, a bright 
field imaging device, a dark field imaging device, a bright field and dark field imaging device, a bright field non- 

25 imaging device, a dark field non-imaging device, a bright field and dark field non-imaging device, a coherence 
probe microscope, an interference microscope, an optical profilometer, or any combination thereof. 

Such a system may be coupled to any of the process tools as described hereiiL For example, the system 
may be coupled to a process tool such as a lithography tool, an etch tool, and a deposition tool. The system may be 
coupled to the process tool according to any of the embodiments as described herein. For example, the 

30 measurement device may be coupled to a process chamber of the process tool such that the system may determine 
at least two properties of a specimen disposed within the process chamber. Alternatively, the measurement device 
may be coupled to a process chamber of the process tool such that the system may determine at least two properties 
of a specimen being disposed within or removed from the process chamber. For example, the measurement device 
may be coupled to the process chamber such that a robot wafer handler may move below or above the measurement 

35 device. In an alternative embodiment, the measurement device may be coupled to a robotic wafer handler of the 
process tool. In this manner, the system may be configured to determine at least two properties of the specimen as 
the robotic wafer handler is moving the specimen. 
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In an additional embodiment, the measurement device may be disposed in a measuiement chamber, as 
described with respect to and shown in Fig. 16. The measurement chaniber may be coupled to Ihe process tool, as 
shown in Fig. 17. For example, die measurement chamber may be disposed laterally or vertically proximate one or 
more process chambers of &e process tool. For exanQ>le, the deposition tool noay include a cluster of process 
5 chambers that may each be configured to perform substantially similar processes or different processes. In 

addition, the measurement chaniber may disposed laterally or vertically proximate a load chamber of the process 
tool. A load chamber of a deposition tool may be configured to support multiple specimen such as a cassette of 
wafers that are to be processed in the process tool. A robotic wafer handler may be configured to remove a 
specimen from the load chamber prior to processing and to dispose a processed specimen into the load chamber. 

1 0 Furdiemiore, the measurement chamber may be disposed m other locations proximate a process tool such as 

an3^here proximate the process tool where there is sufGci^t space for the S3^tem and anywhere a robotic wafer 
handler may fit such that a specimen may be moved between a process chamber and the system. 

In addition, a parameter of one or more instruments coupled to a process tool may be altered m response to 
die properties determined by the system using a feedback control technique, an in situ control technique, and/or a 

1 5 feedforward control technique. For example, a presence of macro defects on the surface such as a presence of 

macro defects on a back side of a specimen determined by the system prior to, during, and/or subsequent to an etch 
process, a deposition process, and/or a chemical-mechanical process may be used to alter a parameter of one or 
more instruments coupled to a lithography tool using a feedforward control technique. In this example, the 
determined presence of macro defects on the back side of the specimen may be used to alter a dose and focus 

20 condition of an exposure tool during exposure of the specimen during a lithography process. In an additional 

example, overlay misregistration of a specimen determined by the system prior to, during, and/or subsequent to an 
etch process and/or a deposition process may be used to alter a parameter of one or more instruments coupled to a 
lithography tool using a feedforward control technique, la this example, the determined overlay misregistration 
may be used to alter a lateral alignment of a reticle in an exposure tool during exposure of the specimen during a 

25 lithography process. 

A deposition tool may be configured for chemical vapor deposition, as described below, or for physical 
vapor deposition. Physical vapor deposition may commonly be used in the semiconductor industry to form a layer 
of a conductive material upon a specimen such as a wafer. A physical vapor deposition tool may include a vacuum 
process chamber in which argon ions may be generated. In addition, a support device may be disposed within the 

30 process chamber. The support device may be configured to support a specimen during a physical vapor deposition 
process. In addition, a circular-shaped metal target may be disposed above the support device. The physical vapor 
deposition tool may also inchide an annular metal coil interposed between the support device and the metal target. 
The annular metal coil may be made of the same material as Ihe metal target. A physical vapor deposition tool may 
also include voltage controller configiued to supply a voltage to the metal target, the metal coil, and the support 

35 device. The voltage controller may be finther configured to generate voltage biases between die metal target and 
the support device and between the support device and the metal coil. The voltage biases may cause argon ions to 
bombard the metal target and the metal coil to release metal atoms, which may then sputter onto a surface of a 
specimen on the support device. Examples of physical vapor deposition systems and methods are illustrated in U.S. 
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Patent Nos. 5,754,297 to Nulman, 5,935,397 to Masterson, 6,039,848 to Moslehi et aL, 6,080,287 to Diewcry et aL, 
and 6,099,705 to Chen et al., and aie incoiporated by reference as if fully set forth herein. 

A system, as described herein, may be coupled to a physical vapor deposition tool. For exanaple, the 
system may be disposed within a measurement chamber. The measurement chamber may be configured as 
S described herein. The measurement chamber may be located proximate a process chamb^ of tiie physical vapor 
deposition tool. Alternatively, the system may be coupled to a process chamber of the physical vapor deposition 
tool. In this manner, the system may be integrated into a physical vapor deposition tool. As such, the system may 
be configured to determine at least two properties of a specimen prior to, during, or subsequent to a physical vapor 
deposition process. Such arrangements of a system and a process chamber are described with reference to and 

10 illustrated in, for example, Figs. 17 and 18. Process chambers 180 and 188, as illustrated in Figs. 17 and 18, may 
be configured differently than shown such that the process chamber may be configured for a physical vapor 
deposition process. For example, process chamber 180 may not include dispense system 186 and, instead, may 
include various devices and components as described above. Furthermore, a system may be coupled to a wafer 
handier of a physical vapor deposition tool Therefore, the system may be coniiguied to determine at least two 

1 S properties of a specunen while the specimen is being moved into a process chamber or out of a process chamber of 
a physical vapor deposition tool. 

Plating may commonly be used in tiie semiconductor industry to form a layer of metal upon a specimen 
such as a wafer. A plating tool may include a process chamber such as a plating bath. A plurality of support 
devices may be disposed within the plating bath. Each of the support devices may be configured to support a 

20 specimen during a plating process. The plating tool may also include a cathode electrode arranged above and m 
contact with an upper surface of a specimen. In addition, the plating tool may include an anode electrode located 
beneath the specimen. A plating solution may flow into the plating bath &om an inlet port and may be ejected 
upwardly onto a surface of a specimen. Furthermore, the plating tool may include a heater configured to heat the 
plating solution during a plating process. Controlling the temperature of the plating solution may be critical to 

25 forming a metal layer without defects such as stmctural changes, hardening, and/or plating bum of the layer. In 

addition, characteristics of a metal layer formed on a specimen may vary depending on additional characteristics of 
the plating solution. For exaixq)le, the characteristics of a layer of plated metal may depend on a metal ion 
concentration in the plating solution, the pH level of the plating solution, and the specific gravity of the plating 
solution. An example of a system and a method for plating specunens is illustrated in U.S. Patent No. 5,344,491 to 

30 Katou, and is incorporated by reference as if fully set forth herein. 

As described herein, a system may be coupled to a plating tool For example, the system may be disposed 
within a measurement chamber. The measurement chamber may be configmred as described herein. The 
measurement chamber may be located proximate a process chamber of the plating tool. Alternatively, the system 
may be coupled to a process chamber of the plating tool Therefore, the system may be configured to determine at 

35 least two properties of a specimen prior to, during, or subsequent to a plating process. Such arrangements of a 
system and a process chaniber are described with reference to and illustrated in, for example. Figs. 17 and 1 8. 
Process chambers 180 and 188, as illustrated in Figs. 17 and 18, may be configured differently than shown such 
that the process chamber may be confiigured for a physical vapor deposition process. For exaa^)le, process 
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chamber 180 may not include dispense system 186 and, instead, may include various devices and components as 
described above. In addition, a system may be coupled to a wafer handler of a plating tool as described herein. As 
such, a system may be configured to detemmie at least two properties of a specimen while a specimen is being 
disposed within or removed from a process chamber of a plating tool. 
5 An embodimait zehtss to a systan which may he conBgured to dctemme at least a fktness measar&nmi 

of the specimen, a presence of defects on the specimen, and a thin film characteristic of a specimen. The defects 
may include subsurface defects and/or a presence of macro defects on a backside of a specimen, which may 
include, but are not limited to, copper contamination and/or resist contamination. In addition, the thin film 
characteristic may include a thickness of a film such as copper. The system may be configured as described herein. 

10 For example, the system may include a processor coupled to a measurement device. The processor may be 

configured to determine at least a flatness measurement of the specimen, a presence of defects on the specimen, and 
a thin film characteristic of a specimen from one or more output signals generated by the measurement device. In 
. addition, (he processor may be configured to deteraune other properties of the specimen fi:om tiie one or more 
output signals. !hi an embodunent, the measurement device may include a non-unaging scatterometer, a 

1 3 scatterometer, a spectroscopic scatterometer, a reflectometer, a spectroscopic refiectometer, an elHpsometer, a 

spectroscopic ellipsometer, a bright field imaging device, a dark field imaging device, a bright field and dark field 
imaging device, a bright field non-imaging device, a dark field non-imaging device, a bright field and dark field 
Don-imaging device, a double dark field device, a coherence probe microscope, an interference znicroscc^, an 
interferometer, an optical profilometer, a dual beam spectrophotometer, a beam profile ellipsometer, or any 

20 combination thereof. In this manner, the measurement device may be configured to function as a single 
measurement device or as multiple measurement devices. 

Such a system may be coupled to a chemical-mechanical polishing tool as described above. In this 
manner, the system may be configured to detemMne at least the three properties of a specimen prior to, during, or 
subsequent to a chemical-mechanical polishing process. Alternatively, such a system may be disposed within a 

25 measurement chamber, which may be configured as described herein. The measurement chamber may be located 
proximate the chemical-mechanical polishing tool Therefore, such a system may be configured to deteimine at 
least the three properties of the specimen prior to or subsequent to a chemical-mechanical polishing process. 
Therefore, the flatness measurement of a specimen may include a measure of stress-induced curvature of a 
specimen due to a chemical-mechanical polishing process. In addition, the processor may be configured to alter a 

3 0 parametsr of an mstrument coupled to a chewical'mechaiucal poUsbing tool in response to the flatness 

measurement using a feedforward control technique. For example, the processor may be configured to alter a 
pressure of the polishing head coupled to the chemical-mechanical polishmg tool m response to the flatness 
measurement usmg a feedforward control technique. In addition, the polishing head may be configured such that 
pressure across the polishing head may vary fix)m zone to zone. Therefore^ altering a pressure of die polishing head 

35 may include altering a pressure of one or more zones of the polishing head. In this manner, a system as described 
herein may be used to increase a planarity of an vtppet surface of the specimen subsequent to chemical-mechanical 
polishing. 

Alternatively, such a system may be coupled to a thermal tool such as a furnace or a rapid thermal 
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annealing furnace. As such, the flatness measurement of a specimen may include a measure of stress-induced 
curvature of a specimen due to thermal processing. In addition, such a system may also be coupled to an etch tool, 
a lithography tool, or a wafer xnanu&cturing tool as described herein. 

In an embodiment^ a system may be configured to detexmine at least an overlay misregistration of a 
5 specimen and a flatness measurement of the specimen. The system may be configured as described herein. For 
example, the system may include a processor coupled to a measurement device. The processor may be configured 
to determine at least an overlay misregistration of a specimen and a flatness measur^ent of the specimen firom one 
or more output signals generated by the measurement device. In addition, the processor may be configured to 
determine other propcztics of the spechma &om the one or moie output signals. In an embodiment, the 

10 measurement device may include a non-imaging scatterometer, a scatterometer, a spectroscopic scatterometer, a 
reflectometer, a spectroscopic reflectometer, a spectroscopic ellipsometer, a bright field imaging device, a dark 
field imaging device, a bright field and dark field imaging device, a coherence probe n[ncroscope, an interference 
microscope, an mterferometer, an optical profilometer, a dual beam spectrophotometer, a beam profile ellipsometer, 
or any combination thereof. The system may be further configured to determine at least an overlay misregistration 

15 of a specunen and a flatness measurement of the specimen sequentially or substantially simultaneously. For 
exan^le, the system may be coupled to a lithography tool as described herein. In addition, the system may be 
configured to determine at least a flatness measurement of the specimen prior to an exposure step of a lithography 
process. The system may also be configured to detramine an overlay misregistration of a specimen prior to tibe 
exposure step. 

20 As described herein, a system may be configured to determine at least a characteristic of an in^ilanted 

region of the specimen and a presence of defects on the specimen. The system may be configured as described 
herein. For example, the system may include a processor configured to determine at least a characteristic of an 
implanted region of the specimen and a presence of defects on the specimen firom one or more output signals 
generated by a measurement device. In addition, tiie processor may be configured to determine other properties of 

25 tiie specimen from the one or more output signals. In an embodiment the measurement device may include a 
modulated optical reflectometer, an X-ray reflectance device, an eddy current device, a photo-acoustic device, a 
spectroscopic ellipsometer, a non-imaging scatterometer, a scatterometer, a spectroscopic scatterometer, a 
reflectometer, a spectroscopic reflectometer, an ellipsometer, a bright field non-imaging device, a dark field non- 
imaging device, a bright field and dark field non-imaging device, a bright field imaging device, a dark field 

30 imaging device, a bright field and dark field imaging device, a coherence probe microscope, an interference 
microscope, an optical profilomet^, a dual beam spectrophotometer, or any combination thereof. 

An ion in^lantation process typically mvolves producing a beam of ions and driving at least some of the 
ions into a semiconductor substrate. The implantation of ions into a semiconductor substrate may alter electrical 
properties of the semiconductor substrate. The electrical properties of the implanted semiconductor substrate may 

3 5 vary depending on a concentration of ions unplanted into the semiconductor substrate. The electrical properties of 
the unplanted semiconductor substrate may also vary depending on the depth of the implanted portion of the 
semiconductor substrate and the distribution of the ini^lanted ions as a function of thickness. Such characteristics 
of the implanted region of the semiconductor substrate may vary depending on a number of factors mcluding, but 
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not limited to, a type of the ions, inq)lantation energy, implantation dose, and masking materials fanned on the 
semiconductor substrate. 

In some embodiments, an optical property of an iq)per, middle, or lower portion of die masking material 
may be used to determine a characteristic of inq)lanted ions in the masking material such as depth of the implanted 
5 ions or a characteristic of the implantation process such as implantation energy. For exaxiq>le, during an ion 
implantation process, ions will be driven into the masking material. The in^lantation of ions into the masking 
material may cause physical damage to an upper surface of the masking material, and ions driven into tiie masking 
material may reside in the middle portion of the masking material. The depth to which implantation of ions causes 
damage to the upper portion of the masking material may be a function of tiie energy of the ions. The dep& to 

1 0 which the ions are driven into the masking material may also be a function of the energy of the ions. For example, 
higher energy implantation processes may cause more damage to an upper portion of the masking material and may 
drive the ions farth^ into the masking material dian lower energy ion in^lantation process. Therefore, the depth of 
the upper and middle portions of tihe masking material may be related to the inq)lant energy of die ion h3q>lantation 
process. The depth of the upper and middle portions of the masking material may also be related to other process 

1 5 conditions of the ion mQ>lantatiQn such as the species of ions being implanted or the uuplant dose. In addition, the 
measured thickness of the lower portion of the masldng material may also vary depending upon ion iiiq>lantation 
energy. The thickness of the upper, noiddle, and lower portions may be determined by measuring an optical 
property of the masking material. The implantation of ions into the masking material or the iiiq)lanted masking 
material resulting from the ion inq>lantation process may, therefore, be determined as a function of the measured 

20 optical property of the masking material. 

In additional embodiments, an implanted masking material may be analyzed as a single, substantially 
homogenous, layer. Therefore^ an optical property of substantially an entire implanted masking material may also 
be measured. The entire in^lanted masking material may include the upper, middle, and lower portions of the 
iniplanted masking material as described above. The individual optical properties of die upper, middle, and lower 

25 portions may, therefore, be effectively included in die measurement of the optical property of the entire inyplanted 
masking material. For exairq)l6, an optical prop^ of the entire uxq3lanted masking layer may include added or 
averaged optical properties of individual layers. An optical property of a masking material measured as a single 
layer may be used to determine the ion implantation conditions. In one exaniple, an optical property of 
substantially the entire thickness of the masking material may be compared to an optical property of substantially 

30 the entire thickness of the masking material prior to ion implantation. Therefore, the comparison of the optical 

properties may indicate a change in the optical property of the masking material subsequent to the ion in:q)lantation. 
A change in the optical property of die masking material may be attributed to implanted ions present in the 
maskiag material subsequent to an unplantation process. In addition, an optical property of substantially the entire 
in^)lanted masking material may also be compared to an optical property of substantially an entire mnalring 

3S material implanted using known conditions. In this maimer, comparing the optical properties of the two inqilanted 
masking materials may indicate if the ion implantation process is drifting over time or across several semiconductor 
substrates. 
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in one embodiment, the optical property of Hie masking material may be a thickness, an index of refraction 
(or refractive index), or an extinction coefScient of the masVmg material or a portion of the masking material. The 
optical property of the masking material may be measured using a broadband radiation technique such as 
spectroscopic ell^sometiy or spectroscopic reflectometry. The thickness of the masking material may also be 
5 measured separately using an additional optical technique such as dual-beam spectrophotometry. Examples of 
dual-beam spectrophotometry methods and systems are illustrated in U.S. Patent Nos. 5,652,654 to Asimopoulos, 
5,699,156 to Carver, and 5,959,812 to Carver, and are incorporated by reference as if fully set fortih herein. 
Additionally, several optical properties of the masking material may be measured simultaneously. For example, a 
thickness of ttie upper, middle, and lower portions of the implanted masking material may be measured 

1 0 simultaneously. In addition, an index of refraction and an extinction coef&cient may be measured simultaneously 
for an implanted masking material or a portion of an implanted masking material. Depending on the number of 
optical properties measured, several characteristics of the ion implantation process and/or tihe implanted masking 
material may also be determined sunultaneously. Characteristics of the ion implantation process may include, but 
are not limited to, inqplant dose, implant energy, and inq»lant species. Characteristics of the implanted masking 

1 S material may include, but are not limited to, concentration of the implanted ions m the masking material and the 
presence of implanted ions in the masking material 

In an embodiment, the measured optical property of the implanted masking material may also be used to 
detemiine a characteristic of an implanted portion of the semiconductor substrate. The implanted portion of the 
semiconductor substrate may be formed during the implantation of ions into the masking material or during 

20 subsequent ion implantation processes. Characteristics of an implanted portion of a semiconductor substrate may 
iaclude a depth of the implanted portion, a concentration of ions in the implanted portion, and a distribution of 
implanted ions as a function of the thickness of the implanted portion. Such characteristics may be a fimction of a 
measured optical property of the masking material. The function may describe a relationship between the optical 
property of the inq>lanted masking material and the unplantation of ions into the semiconductor substrate. The 

25 function may be determined experimentally by implanting a masking material and a portion of a semiconductor 
substrate simultaneously. The optical property of the ui^)lanted n:ias)dng layer and tiie electrical properties of tiie 
implanted portion of the semiconductor substrate may then be measured. The electrical properties of the mq)lanted 
portion of the semiconductor substrate may be related to characteristics of the implantation of ions into the 
semiconductor substrate such as depth of the implanted portion or distribution of the implanted ions as a function of 

3 0 thickness of the semiconductor substrate. A number of wafers may be processed and measured in this manner in 
order to generate a set of data that may be used to determine a functional relationship between an optical property 
of an implanted masking material and a characteristic of iniplanted ions in a semiconductor substrate. 

Alternatively, the functional relationship may include a mathematical or theoretical model that describes a 
relationship between implantation in a masking material and unplantation into a semiconductor substrate. For 

35 exanq>le, a mathematical or theoretical model may be used to determine the depth of an implanted portion of a 
semiconductor substrate using implant energy, implant dose, or dq>th of the inxplanted region of the maaVwig 
material as determined from an optical property of tiie implanted maskmg material. An exsanph of a method for 
using spectroscopic ellipsometry and spectroscopic reflectometry to monitor ion inq)lantation is illustrated in U.S. 
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Patent Applicadon Serial No. 09/570,135, "Method ofMomtozmg Ion Implants by Examzzsation of as Overlyii:^ 
Masking Material'' to Strocchia-Riveia, filed on May 12, 2000, and is incoipoiated by reference as if fully set jfordi 
herein. 

Optical evaluation of an ion inq)lantation process may provide several advantages over current methods to 
5 evaluate an ion implantation process. For example, an optical me&od may provide non-destructive testmg and may 
not interfere with processing of a semiconductor substrate or the performance of a fabricated semiconductor device. 
Furthermore, optical evaluation of the masking material may not require additional processing such as annealing of 
the semiconductor substrate on which the masking material is formed. Therefore, evaluation of an ion implantation 
process usmg an optical method such as a broadband radiation technique may be performed during the ion 

1 0 implantation process. 

In an embodiment, a system configured to evaluate an ion implantation process as described herein may 
coupled to an ion implanter. The system may inchde a measurement device as described herein. The measurement 
device miay be coupled to a process chamber of the ion implanter as shown, for exanq>le, m Fig. 17. The 
measurement device may be coupled to the ion implanter such that the measurement device may be external to &e 

1 5 ion implanter. In this manner, exposure of the components of the measurement device to chemical and physical 
conditions within the ion implanter may be reduced, and even eliminated. Furthermore, the device may be 
externally coupled to the ion implanter such that the measurement device does not interfere with the operation, 
performance, or control of the ion inq)Iantatfon process. 

The measxirement device, however, may be configured to focus an incident beam of broadband radiation 

20 onto a specimen in the ion implanter. The measurement device may also be configured to detect at least a portion 
of a beam of broadband radiation returned ftom the specimen. For example, a process chamber of an ion in:9)lanter 
may include small sections of a substantially optically transparent material disposed within walls of the process 
chamber. The small sections of transparent material may be configured to transmit the incident and retumed beams 
of broadband radiation from an illumination system outside tiie process chamber to a spechnen within the process 

25 chamber and from the specimen to a detection system outside die process chamber. The optically transparent 

material may be further configured to transmit incident and retumed beams of light without undesirably altering the 
optical properties of the incident and reflected beams. An appropriate method for coupling a measurement device 
to an ion implanter may vary, however, depending upon, for example, a configuration of the ion implanter. For 
example, placement and dimensions of the transparent material sections disposed within the walls of the process 

30 chamber may depend on the configuration of the coir^onents within the process chaniber. Therefore, a 

measurement device coupled to an ion implanter may be configured to measure optical properties affht ftia filHng 
material, optical properties of a portion of the masking noaterial, optical properties of a mculti-layer maskix^ stack, 
* or optical properties of the specimen during the implantation process. 

In an additional embodiment, the system may also include a processor coupled to the measurement device 

3 5 and the ion implanter. The processor may be configured to interface with the measurement device and the ion 
implanter. For example, the processor may receive signals and/or data from the ion implanter representative of 
parameters of an instrument coupled to the ion implanter. The processor may also be configured to receive signals 
and/or data from the measurement device representative of light retumed from the specimen or at least one property 
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of the implanted region of a specimen. AdditLoaally^ die processor may be further configured to contra] die 
measurement device and the ion implanter. For exanqile, &e processor may alter a characteristic of the ini^lanted 
region of the specimen by altering a parameter of an hxstrument coupled to &e ion implanter. Ilierefore, the system 
may monitor and control the implantation of ions during a process. 
5 la an additional eznbodhnentt the system may be configured to monitor or measure variations in at least 

one optical property of the implanted masking material. For example, the measurement device may be configured 
to measure an optical property of the implanted masking material substantially continuously or at predetennined 
time intervals during an ion in^lantation process. The processor may, therefore, receive one or more output signals 
from the measurement device that may be representation of light returned from the specimen. The processor may 

10 also monitor variations in the one or more output signals over the diiration of the ion implantation process. By 
analyzing variations in the one or more output signals during implantation, the processor may also generate a 
signature representative of the implantation of the ions into the masking material. The signature may include at 
least one singularity that may be characteristic of an endpoint of the ion implantation process. An appropriate 
endpoint for an ion implantation process may be a predetermined concentration of ions in a masking material or in 

IS a specimen. In addition, the predetemuned concentration of ions may vary depending upon &e semiconductor 

device feature being fribricated by the ion implantation process. After the processor has detected the singularity of 
the signature, the processor may stop the inq;)lantation of ions by altering a level of a parameter of an instrument 
coiq)led to the ion implanter. 

In an embodiment, a method for fabricating a semiconductor device may include implanting ions into a 

20 masking material and a semiconductor substrate. The masking material may be arranged on tihe semiconductor 
substrate such that predetermined regions of the semiconductor substrate may be implanted with ions. For 
example, portions of the noasking material may be removed by a lithography process and/or etch process to expose 
regions of the semiconductor substrate to an implantation process. During an ion implantation process, typically, 
an entire scaimed may be scanned with a beam of dopant ions. Therefore, the remaining portions of masking 

25 material may inhibit die passage of dopant ions into underlying regions of the semiconductor substrate during an 
ion in^)2antation process. As such, patterning the masking material may provide selective implantation of ions into 
exposed regions of the specimen. 

The exposed regions may be regions of a specimen in which features of a semiconductor device are to be 
formed. For example, a dielectric material overlying a channel region of a gate during an ion implantation process 

30 may prevent implantation of ions into the gate conductor or the channel region beneath the gate conductor. The 
exposed regions of the specimen may, therefore, correspond to a particular feature of die semiconductor device 
being fabricated such as a junction region. Alternatively, ions may be implanted through a nmaVing material and 
into underlying regions of the semiconductor substrate. In this maimer, tiie masking material may include a thin 
gate dielectric material arranged over junction regions of a transistor. In^ilantation of ions through a tnaslring 

35 material may enhance the electrical properties of the implanted region of the semiconductor substrate, for example, 
by randomi2dng the directional paths of the ions which are bemg driven into the specimen. The magktTig material 
may also be formed over a substantially planar specimen or over a non-planar specimen. 
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Fabricatizig a semiconductor device may also include monitorii^ implantation of ions into the 
semiconductor substrate by measuring at least one optical property of the noasking material during the ion 
in^lantation process. The optical property of the masking material may be altered by the is:^lantation of ions into 
tiie masking material. As such, the method for fabricating a semiconductor device may also inchide determining at 
5 least one characteristic of the hnplanted ions in the semiconductor substrate. Ihe characteristic may be determined, 
for example, using a function that describes a relationship between the optical property of the inoplanted masVing 
material and the in^)lantation of ions into the semiconductor substrate. 

In an embodiment, any material that may be substantially transparent to at least a portion of the light 
produced by a measurement device, as described above, may be used as a masking material for evaluation of an ion 

1 0 implantation process iavolviag measurement of optical properties of a masking material. In one embodiment, the 
masking material may be a resist. An appropriate resist may include photoresist materials that may be patterned by 
an optical lithography technique. Other resists, however, may also be used such as e-beam resists or X-ray resists, 
which may be patterned by an e-beam or an X-ray lithography technique, respectively. In another embodunent, tiie 
masking material may mclude an inorganic material. Inorganic masking materials tiiat may be used to uihibit ion 

1 5 in^lantation include, but are not limited to, silicon dioxide, silicon nitride, titanium nitride, polycrystalline silicon, 
cobalt siHcide, and titanium silicide. The inorganic masking material may be formed by deposition techniques, 
such as chemical vapor deposition, or thermal growth techniques. The morganic maskmg materials may be 
patterned usmg an etch technique. 

In another embodiment, the masking material may include two or more layers of different masking 

20 materials arranged in a stack. For example, the masking material may include a resist formed upon an inorganic 
material. The inorganic material may be iuclude any material that inhibits the implantation of ions through the 
masking material. When used as part of a masking material, the inorganic material may not be transparent or may 
not exhibit any substantial changes in optical properties when exposed to ions. The subsequent optical analysis 
may be done on the overlying resist material rather tiian on the underlymg inorganic masking material. The 

2S inorganic material may be formed on a specimen prior to coating the spechnen with a resist This additional 
inorganic material, in combination with an overlying resist may serve as the masking stack. An appropriate 
masking material may vary depending on, for example, an ion hnplantation process or an ion hnplanter 
configuration. 

During ion implantation processes, and especially in processes using relatively high dosage levels, a 
30 semiconductor substrate may be significantly damaged due to the implantation of dopant ions into regions of tiie 
semiconductor substrate. For example, an implanted region of such a damaged semiconductor substrate may 
include of an upper crystalline damaged layer and an intermediate layer of amorphous silicon. The damage in the 
upper crystalline layer may be caused, for example, by electronic collisions between atoms of the semiconductor 
substrate and the implanted ions. Displacement damage, however, may not be produced if ions entering the 
35 semiconductor substrate do not have enough energy per nuclear collision to displace silicon atoms from their lattice 
sites. Increasmg the dose of ions, and in particular relatively heavy ions, may produce an amorphous region in 
which the displaced atoms per unit volume may approach the atomic density of the semiconductor substrate. As the 
implant dose of the ion in:q>lantation process mcreases, the thickness of the amorphous layer may also increase. 
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llie presence of an amoiplious layer ofsUkon may act as a boundary diat iziay reflect optical radiation. Reflectioji 
of light by the amorphous layer may also effect the reflectance and ellipsometric measurements. Therefore, 
measurement of an optical property of the amorphous silicon layer may also be used to monitor &e processing 
couditions of an ion implantation process. 
5 In an embodimenl^ an optical prop&rty of an in^lanted portion of a semiconductor substrate may be 

measured. The optical property may be a thickness, an index of re&action, or an extmction coefficient of the 
implanted portion. In addition, several optical properties of the implanted portion of the semiconductor substrate 
may be measured substantially simultaneously. The optical property of the in^lanted portion of the semiconductor 
substrate and the optical property of the implanted masldng material may also be measured substantially 

1 0 simultaneously. A characteristic of the implanted ions in the semiconductor substrate may be determined from the 
measured optical property of the implanted portion of the semiconductor substrate. This characteristic may, 
iberefore, be related to the implantation of ions into a portion of the semiconductor substrate or a characteristic of 
the resulting implanted semiconductor substrate. For exaniple, die characteristic may be an implant energy, an 
implant dose, or an implant species of the ion iniplantation process. In addition, the characteristic may be a 

1 5 concentration of ions, a depth, a distribution of the inq)lanted ions as a function of thickness, or a presence of the 
in^lanted ions in the in^lanted portion of the semiconductor substrate. In addition, optical properties of the 
implanted portion of the semiconductor substrate may be used to determine several characteristics substantially 
simultaneously, which may include, but are not limited to, any of the characteristics as described above. A 
characteristic of the semiconductor substrate and a characteristic of the implanted ions in the maslHng material may 

20 also be determined substantially simultaneously. 

In an additional enibodiment, optical properties of the inq)lanted portion of the semiconductor substrate 
may be measured using a broadband wavelength technique as described herein. For example, a measurement 
device, as described herein, may be configured to use a broadband wavelength technique to measure optical 
properties of an implanted portion of a semiconductor substrate. Additionally, the measurement device may be 

25 coupled to an ion ini^lanter as described above such that measuring an optical property of the in^lanted portion of 
the setniconductor substrate may be perfonned during an ion implantation process. Therefore, variations in an 
optical property of the implanted portion of the semiconductor substrate may also be measmred during an ion 
implantation process. In this manner, a signature characterizing the implantation of ions into tiie semiconductor 
substrate may be obtained. This signature may include a singularity characteristic of an end of the inq)lantation 

30 process. As described above, an appropriate endpoint may be, for example, a predetermined concentration of ions 
in the semiconductor substrate. An appropriate processor, as described herein, may then reduce or substantially 
stop processing of tiie semiconductor substrate by controlling the ion implanter. 

In an embodiment; the measured optical properties of the implanted maskmg material may be used to 
determine processing conditions for subsequent ion implantation processes of additional specimens such as 

33 additional semiconductor substrates or semiconductor device product wafers. For example, the implant energy of 
the implantation of ions into the masldng material may be determined using the measured optical property of the 
implanted masking material. The determined implant energy may be used to determine depth of an implanted 
portion of a semiconductor substrate during an ion nnplantation process. The depth of the implanted portion of the 
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semiconductor substrate may also be detemiined firom a measured optical properties of tke implanted portion of the 
semiconductor substrate. 

The detennined depth of the implanted portion of the semiconductor substtate may be less tiian a 
piedetennined depth. The predetermined depth may vary depending on, for example, a feature fibricated during 
5 the ion implantation process. Iherefoie, before processmg additional s^conductor substrates, or product wafers, 
the implant energy or another process condition of the ion rmplantation process may be altered such that a depth of 
an implanted portion of the additional semiconductor substrates may be approximately equal to the predetenxuned 
depth. For example, an implant energy of the ion iBq)lantation process may be increased to drive the ions deeper 
into the semiconductor substrate. In this manner, measured optical properties of a masking material may be used to 

10 determine and alter process conditions of an ion implantation process using a feedback control technique. In an 
additional embodiment, measured optical properties of an implanted portion of a semiconductor substrate may be 
used to determine and alter process conditions of an ion in^lantation process using a feedback control technique. 

In an additional embodiment, measured optical properties of an unplanted masking material may be used 
to determine process conditions of additional semiconductor fabrication processes that may be performed 

1 5 subsequent to an ion in^lantation process. Additional semiconductor fabrication processes may include, but are 
not limited to, a process to axmeal the implanted regions of a semiconductor substrate and a process to remove the 
masking material. For example, an implant energy of an ion in^)lantation process may be determined using a 
measured optical property of an inqjlanted masking material. The determined implant energy may be used to 
determine a depth that ions may be implanted into a semiconductor substrate using the ion implantation process. 

20 Alternatively, a depth of the implanted portion of a semiconductor substrate may also be determined using a 
measured optical property of the implanted semiconductor substrate. 

The determined depth of the implanted portion of the semiconductor substrate may be greater than a 
predetermined depth. Process conditions of an annealing process performed subsequent to the ion implantation 
process, however, may be optimized for die predetermined. Therefore, before annealing an mq)lanted 

25 semiconductor substrates having the determined depth, a process condition of the annealing process such as anneal 
time or anneal temperature may be altered. la this example, the anneal time of the anneahng process may be 
increased to ensure substantially complete recrystallization of the amorphous layer formed in the semiconductor 
substrate by the ion implantation process. In this manner, measured optical properties of a masking material may 
be used to determine process conditions of a semiconductor fabrication process performed subsequent to an ion 

3 0 implantation process using a feedforward control technique. Measured optical properties of an hrq)lanted portion of 
a semiconductor substrate may also be used to determine process conditions of a semiconductor febrication process 
performed subsequent to an ion implantation process using a feedforward control technique. 

A set of data that may include measured optical properties of a masking material may be collected and 
analyzed. The set of data may be used to determine processmg conditions of an ion unplantation process or to 

35 monitor the processing conditions over time. Process control methods as described herein may also be used in 

conjunction with electrical testing of an implanted region of a semiconductor substrate. The combination of optical 
and electrical analysis may provide a larger amount of characterization data for an ion implantation process. The 
characterization data may be used to assess the mechamsms of ion unplantation, to detemune the cause of defects, 

93 



wo 02/25708 PCT/USOl/42251 
and to alter process conditioiLS. bi addition, this process control strategy may be used to qualify, or chaxactmze &e 
perfonnance of, a new ion implanter. Forthennore, this process control strategy may be used to determine an 
q)propriate masking material and masking material thickness in development of an ion inoplantation process. The 
process control method may also be used to compare the perfonnance of two or more ion implanters. Such a 
5 process control znefhod may be used in a manu&cturing fiacdllity in which several ion inQ)lanters may be used in 
parallel to manu&cture one type of device or product 

In an embodiment, a system may be configured to determine at least an adhesion characteristic of a 
specimen and a diickness of die specimen. The system may be configured as described herein. For example^ the 
system may also include a processor coupled to a measurement device. In addition, the processor may be 

1 0 configured to determine other properties of the specimen from the detected light. In an embodiment, the 

measurement device may include a photo-acoustic device, a spectroscopic ellipsometer, an ellipsometer, an X-ray 
reflectometer, a grazing X-ray reflectometer, an X-ray dif&actometer, a non-imaging scatterometer, a scatterometer, 
a spectroscopic scatterometer, a reflectometer, a spectroscopic reflectometer, a bright field knagmg device, a dark 
field imaging device, a bright field and dark field imaging device, a coherence probe microscope, an interference 

1 5 microscope, an optical profilometer, an eddy current device, an acoustic pulse device, or any combination thereof. 
Hie processor may be configured to determine at least an adhesion characteristic and a thickness of die specimen 
from one or more ou^ut signals from the measurement device. 

In an embodiment, an acoustic pulse device or a photo-acoustic device may be configured to use acoustic 
pulses to characterize a layer formed upon a specimen. For example, acoustic pulses may be used to determine a 

20 thickness of a layer such as a metal disposed on a specimen. An advantage of an acoustic pulse device is that 

measuring a property of a layer formed on a specimen with the device is substantially non-destmctive. An acoustic 
pulse device may be configured to apply a laser pulse to a spedmeiL The laser pulse may be absorbed within one 
absorption lengdi fixnn an upper surface of the layer thereby causing a rise in local surface temperature. Depoiding 
on ten^rature coefficient of e3cpansion (expansivity) of a layer, the layer may undergo thermal stresses, which 

25 may generate an elastic pulse in the layer. The elastic pulse may propagate across the layer at approximately the 
velocity of sound. The time of flight for the elastic pulse across the layer may be measured and may be used to 
determine a thickness of the layer. Measuring the time of flight for the elastic pulse may include steps of the 
methods described below. 

In one embodiment, a laser pulse of radiation may be applied to a first surface area of a specimen to non- 
30 destmctively generate an elastic pulse in the specimen. The elastic pulse may cause the first surface area to move. 
The acoustic pulse device may include an interferometer configured to detect an acoustic echo of the pulse 
traversing the specunen. The mterferometer may also be configured to provide a pau: pulses including a probe 
pulse and a reference pulse of radiation. The interferometer may be fiirther configured to direct the probe pulse to 
the first surface area when it is moved by the elastic pulse and a reference pulse to a second surface area. The 
3 5 second surface area may be laterally spaced from the fiirst surface area. The interferometer may also be configured 
to monitor the reflection of the pulses off of the surface of the specimen. The reflection of the pair of pulses may 
be used to determme a thickness of a layer on the specimen. For example, a processor of the system may be 
configured to determme a tbickness of the layer usmg one or more ou^ut signals from the mterferometer. 
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In an embodiment, a method for non-destructively measuring properties of a specimen may include 
directing a pump pulse of radiation to a first surface area of the specimen to non-destmctively generate an elastic 
pulse in the specimen. The generated elastic pulse may cause the first sur&ce area to move. The method may also 
include directing a probe pulse and a reference pulse of radiation to Ihe specimen using an interferometer. 
5 Directing the probe and reference pulses may include directing the pzobe pulse to flie &st surface area when it is 
moved by the elastic pulse and diiecting &e lefetence pulse to a second sur&ce area. The second sur&ce area may 
be laterally spaced firom the first sur&ce area. In addition, the method may include monitoring reflections of the 
probe and reference pulses. The method may also include determine a thickness of a layer on the specimen, Bofh 
of the above described acoustic-pulse methods are described in iurther detail in U.S. Fatent No. 6,108,087 to 
10 Nikoonahad et al. and U.S. Patent Application Serial No. 09/310,017, both of which are incorporated by reference 
as if fully set forth herein. Other methods for measuring films using acoustic waves are also described in U.S. 
Patent No. 6,108,087. 

In another embodiment, an acoustic pulse device may be configured to detennine a thickness of a layer by 
using a probe pulse and a reference pulse that are substantially in phase with each other. The in-phase pulses may 

IS be used to measure an acoustic echo created by a pump pulse applied to an area of the layer. The applied pun^ 

pulse may create an elastic pulse that may propagate through the layer. The probe pulse may be directed to Hie area 
of the specunen tiirough which tiie elastic pulse propagates. The reference pulse may be directed to substantially 
the same surface area or a diiferent surface area of the sample such that the pair of pulses may be modified by the 
specimen. The modified pulses may interfere at a detector. For example, at least one of the pulses may be 

20 modulated in phase or frequency before or after modification by the sample and prior to detection by the detector. 
By processing one or more output signals from the detector, a thickness of a layer on the specimen may be 
determined. 

In one embodiment, an optical delay may be used to alter a time relationship between the pump pulse and 
the probe pulse. In this manner, the probe pulse may be directed to the specunen surface when it is mfhienced by 

25 the elastic pulse created by the pvanp pulse. Ihe reference and probe pulses may be dizected along substantially the 
same optical path between an optical source and a detector. Such a configuration may reduce, and even minimize, 
random noise in one or more output signals of the detector, which may be caused, for example, by environmental 
factors. Such a configuration is further described in U.S. Patent Application Serial No. 09/375,664, which is 
incorporated by reference as if fully set forth herein, 

30 Acoustic piilse devices, as described above, may be incorporated into any of the systems and/or process 

tools as described herein. 

In an embodiment, a system may be configured to detemune at least a concentration of an element in a 
specimen and a thickness of a layer on the specunen. The system may be configured as described herein. For 
example, the system may also include a processor coupled to a measurement device. The processor may be 
35 configured to determine at least a concentration of an element in a specimen and a thickness of a layer fomed on 
the specimen from one or more ou^ut signals generated by the measurement device. la addition, the processor 
may be configured to detemune other properties of the specimen from the detected light. In an embodiment, the 
measurement device may include a photo-acoustic device, an X-ray reflectometer, a grazing X-ray reflectometer, 
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an X-ray dif&actometer, an eddy current device, a spectroscopic ellipsometer, an ellipsometer, a non-imaging 
scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, a spectroscopic reflectometer, a 
bright field imaging device, a dark field imaging device, a bright field and dark field imaging device, a coherence 
probe microscope, an interference microscope, an optical profilometer, an eddy current device, or any combination 
5 thereof. 

An X-ray reflectance CXKR'*) technique may be used to measure a property of a specimen such as a 
concentration of an element in a thickness of a layer or at an inter£eu» between layers on a specimen. X-ray 
reflectance may also be used to detemiine a thickness of a layer or an inter&ce between layers on a specimen. 
Layers which may be measured by X-ray reflectance may include layers substantially transparent to light such as 

10 dielectric materials and layers substantially opaque to light such as metals. X-ray reflectance may include 

irradiating a surface of a specimen with X-rays and detecting X-rays reflected Jfrom the surface of the specimen. A 
thickness of a layer may be detemained based on interference of X-rays reflected from the surface of the specimen. 
In addition, reflection of X-rays from the surface of the specimen may vary depending on refractive index changes 
at a surface of a layer on the specimen and at an interface between layers on the specimen and die density of the 

1 5 layer or of die inter&ce. Therefore, a complex refractive index in an X-ray regime may be dirccdy proportional to 
a density of a layer. In this manner, a concentration of an element m a layer or at an interface between layers may ' 
be determined based on the density and thickness of die layer. 

X-ray reflectance may be performed at different angles of incidence depending upon, for example, 
characteristics of a specimen. An X-ray reflectance curve may be generated by a processor using one or more 

20 output signals responsive to the detected X-rays reflected from the surface of the specimen. The X-ray reflectance 
curve may include an average reflectance conq)onent, which may be caused by bulk properties of the specimen. 
The average reflectance component may be subtracted fitjm the one or more output signals such that an interference 
oscillation conq)onent curve may be generated. Parameters of the mterference oscillation comyiKinent curve may be 
converted, and a Fourier transform may be performed. A thickness of a layer may be determined by a position of a 

25 peak of a Fourier coef^cient, F(d), In addition, a peak intensity of tite Fourier coefficient, F(d)^ may be used to 
determine a layer density or an interface density. For example, a relationship between a peak intensity of a Fourier 
coefficient and a layer density may be simulated and may be used to determine a layer density. Alternatively, a 
layer density may be determined based on the X-ray reflectance curve by fitting the curve to model data using a 
mathematical method such as a nonlinear least squares ciure-fitting method. In such a method, several of the fitted 

30 parameters may be inter-related. Therefore, parameters that may be substantially constant across specimens may be 
fixed at average values in order to prevent multiple solutions. 

A concentration of an element on a sur£ice of a layer or at an inter&oe between layers may be determined 
by using data that may describe a relationship between interface layer density and concentration. The data may be 
generated by another analytical technique such as secondary ion mass spectroscopy ("SIMS"). SIMS may involve 

3 5 removing material from a sample by sputtering ions from die surface of the sample and analyzu:^ the sputtered ions 
by mass spectrometry. Examples of SIMS techniques are illustrated in U.S. Patent Nos. 4,645,929 Criegem et aL, 
4,912,326 to Naito, 6,078,0445 to Maul et al., and 6,107,629 to Benninghoven et al., and are incorporated by 
reference as if fully set fordi herein. In this manner, a plurality of samples having various elemental concentrations 
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may be prepared Hie samples may be analyzed by XRJR. to detsnmne density of the layer or interface of interest 
and may also be analyzed by SIMS to determine a concentration of the layer or inter&ce of interest. A relationship 
between density and concentration may then be detennined. The detennined relationshq) may be used to determine 
concentration of an element on a surface of a layer or at an int^ce between layers in additional specimen. 
5 A device configured to mesasure X-ray reflectance of a layer or an intez&ce between layers of a £pecdmen 

may include a measur^ent chamber. A ^cimen may be supported within the measurement chamber by a stage 
or another mechanical device. An appropriate stage or mechanical device may be configured to maintain a position 
of the specimen during measurement and for moving the specimen before, during, and/or after X-ray reflectance 
measurements. The stage or mechanical device may also be further configured as described herein. The 

10 measurement chamber may also be configured as a process chamber of a process tool, which may be used for 

semiconductor fabrication. For example, the process chamber may include a deposition chamber in which a metal 
fiilm may be formed on a specunen or an ion implatitation chamiber in which ions may be driven into a specimen. 
In this manner, X-ray reflectance measurements may be performed prior to, during, or subsequent to a process 
performed in the process chamber. The measurement chamber may also be disposed within or proximate a process 

1 5 tool such that a specunen may be moved fiom a process chamber of the process tool to the measurement chamber. 
In one exan:q>l6, the measurement chaniber may be coiq)l6d to a chemical-mechanical polishing tool such that X-ray 
reflectance measurements may be performed prior to or subsequent to a process step of a chemical-mechanical 
polishing process. 

The device configured to measure X-ray reflectance of a layer or an interface between layers of a 

20 specimen may also include an X-ray source such as a rotor X-ray source. X-rays generated by the X-ray source 
may be passed through a germanium monochromator. The measurement chamber may also include a beryllium 
window in a wall of the measurement chamber through which 1kt X-rays may enter the measurement chamber. In 
this manner. X-rays may be directed to a sur&ce of a specimen supported witiiin the measurement chamber. In 
addition, the device may include an X-ray detector arranged on a side of the measurement chamber opposite to the 

25 X-ray source. As such, X-rays reflected firom the surface of tiie specimen may be detected. The system may also 
include a controller computer configured to control the device and/or individual componrats of the device. The 
controller computer may also be configured to process a signal generated by the detector in response to the detected 
X-rays and to determine a concentration of an element in a layer or an interface between layers of a specimea The 
controller computer may be further configured as a processor as described herein. Additional examples of X-ray 

30 reflectance methods and systems are illustrated in U.S. Patent Nos. 5,740,226 to Komiya et al. and 6,040,198 to 
Komiya et al., which are incorporated by reference as if fiilly set forth herein. 

In an embodiment, an eddy current device may be configured to measure a thickness of a layer formed 
upon a specimen. Eddy current devices may also be configured to measure junction leakage in a specimen. An 
eddy current device may include a sensor configured to apply an alternating current to a specimeiL The applied 

35 alternating cunent may cause an eddy current in die specimen. The resistance or conductance of the specimen may 
be analyzed using the eddy current. A thickness of a layer on the specunen may be detennined by a change in 
resistance or conductivity. Methods for using eddy cunents to determine a thickness of a layer on a specimen are 
illustrated m U.S. Patent Nos. 6,086,737 to Harada, and U.S. Patent Application entitled '*In-Situ Metallization 
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Monitoring Using Eddy Cuirent Measurements, by K. Kebman, S J^. Lee, W. Johnson, and J. Fielden, which are 
incoiporated by reference as if fiilly set forth herein. 

A sensor or an eddy cutrent device may include a capacitor and an inductor. During use, the sensor may 
be positioned proximate to the specimen. When a layer formed on the specimen is conductive or magnetic, liie 
S inductor may be configured to couple an alternating ("ac*0 electromagnetic field to die layer. The alternating 
electromagnetic field may induce eddy (i.e., Foucault) currents in the layer, and two effects may be present. Firs^ 
the layer may act as a lossy resistor, and the effect will be a resistive loading on a sensor circuit, which will lower 
the airplitude of &e resonant signal and lower die resonant fiiequency. Second, a decrease in the layer tihickness 
may produce an effect as though a metal rod were being withdrawn firom the coil of the inductor thereby causing a 

10 change in inductance as well as a frequency shift As the thickness of the layer changes, either by addition or 
removal, the eddy currents may change, and thus their resistive loading effect and magnitude of frequency shift 
may change as well. When a layer is not present, there will be no effect on the sensor circuit (i.e., no resistive 
loading, no inductance change, no frequency shift). Thus, a change in thickness of a layer may be monitored 
substantially continuously or intermittently by monitoring changes in any of these parameters. 

1 5 Note that any conductive film may be monitored using an eddy current device, not just a layer such as a 

thin film on a semiconductor substrate. For example, in an electroplatiiig process, metal ions m a plating solution 
dissolved from a metal block electrode acting as an anode may be deposited on a target at the cathode to fonn a 
film. Eddy current measurements may be used to mouitoi fomiaUon of flie film on &e target during the 
electroplating process, both in-situ and real time. 

20 Eddy current devices and measurements may be used in a variety of applications. In one embodiment, an 

eddy current device may be coupled to a chemical mechanical polisMng tool. In this application, the eddy cmrent 
device may be used to determine one or more endpoints of the polishing process and/or a thickness of one or more 
polished layers prior to, during, or subsequent to thie polishing process, fri another embodiment, an eddy current 
device may be coupled to a deposition tool. In this case, the eddy current device may be utilized to detect a 

25 diickness of a deposited layer, either after the layer is deposited or while the layer is being deposited. Hie eddy 
current device may also be used to determine one or more endpomts of ttie deposition process. 

In another metiiod, monitoring eddy current characteristics and surface photovoltage may be used in 
combination to determine a junction leakage in a specimen. Generally, a specimen such as a semiconductor 
substrate may include a first type junction and a second type jimction. Junction leakage may be monitored by 

30 applying varying light to the semiconductor substrate, measuring a surface photovoltage created on the siuface of 
the semiconductor substrate, and measuring the eddy cunent characteristic for the semiconductor substrate in 
response to the light. A junction leakage characteristic of at least one of the junction types may be determined from 
the combmation of surface photovoltage and the eddy cuirent characteristics. Tbe use of eddy current monitoring 
to measure junction leakage is described in further detail m U.S. Patent No. 6,072,320 to Verkuil, which is 

35 incoiporated hereui by reference. 

Eddy current measurement devices may be included in any of fiie systems, as described herein. For 
example, a system may include an eddy current measurement device coupled to a measurement device configured 
as a spectroscopic ellipsometer. In this mianner, a processor of the system may be configured to determine at least 
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two characteristics of a specimen, which may include a thickness of a layer on a specimen and a critical dimension 
of a feature on the specimen. The layer may include a barrier layer, and the feature may include a "seat" 

A system including an eddy current measurement device and a spectroscopic ellipsometer may be coupled 
to a process tool such as an atomic layer deposition ("ALD") tooL AID may be used to form a banier layer and/or 
5 a seat ALD may typically be a technique for depositing ttun films that may involve separating individual reactants 
and tfllcing advantage of die phenomenon of sui&ce adsoiption. For exssapl^, when a specimen is exposed to a gas, 
the specimen may be coated with a layer of the gas. Upon removing the gas, for example, by pumping the gas out 
of &e process chamber with a vacuum pump, under certain circumstances a monolayer of tiie gas may remain on a 
surface of the specimen. At relatively moderate temperatures (i.e., room temperature), the monolayer may held 

1 0 relatively weakly on the surface of the specimen by physical adsorption forces. At higher ten^eratures, a surface 
chemical reaction may occur, and the gas may be held relatively strongly on the surface of the specimen by 
chemisorption forces. A second reactant n:iay be introduced to the process chamber such ^t tiie second reactant 
n:my react with the adsoibed monolayer to form a layer of solid film. In this manner, relatively thin soUd films such 
as barrier layers may be grown one monolayer at a time, in addition, such thin solid fihns may be amorphous, 

1 S polycrystalline, or epitaxial dependmg on, for sample, the specific process. 

Fig. 23 illustrates an embodiment of a system configured to evaluate a dqx)sition process. In an 
embodiment, a system may mclude measurement device 238 coupled to deposition tool 240. Measurement device 
238 may be coupled to deposition tool 240 such that the measurement device may be external to a process chamber 
of the deposition tool. As such, exposure of the measurement device to chemical and physical conditions within the 

20 process chamber may be reduced, and even eliminated. Furthemiore, the measurement device may be externally 
coupled to the process chamber such that the measurement device may not aher operation, performance, or control 
of the deposition process. For example, a process chamber noay include relatively small sections of a substantially 
optically transparent material 242 disposed within wallis of the process chamber. The configuration of a deposition 
tool, however, may determine an appropriate method to couple die measurement device to the deposition tool For 

25 example, placement and dimensions of substantially optically transparent material sections 242 disposed witfam the 
walls of the process chamber may vary depending on, for exan^le, the anangement of the coiiq)onents within the 
process chamber. In addition, measurement device 238 may be coupled external to the process chamber such that 
(he measurement device may direct energy to a surface of the specimen and may detect energy returned firom a 
surface of the specimen as a specimen is being placed within and/or being removed from the process chamber, A 

30 surface of tiie specimen may include a front side of the specimen or a back side of the specimen. 

The deposition tool may be a chemical vapor deposition tool or a physical vapor deposition tool 
configured to deposit dielectric materials or conductive materials. Examples of deposition tools are illustrated in 
U.S. Patent Nos. 4,232,063 to Rosier et aL, 5,695,568 to Sinha et al., 5,882,165 to Maydan et al., 5,935,338 to Lei 
et al.. 5,963,783 to Lowell et al., 6,103,014 to Lei et al., 6,1 12,697 to Sharan et al, and 6,114,216 to Yieh et al., and 

35 PCT Application Nos. WO 99/39 1 83 to Gupta et al., WO 00/07226 to Redihbo et al., and are incorporated by 
reference as if fully set forth herein. 

In an alternative embodiment, measurement device 238 may be disposed in a measurement chamber, as 
described with respect to and shown in Fig. 16. The measurement chamber may be coupled to deposition tool 240, 
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as shown in Fig. 17. For example, the measurement chamber may be disposed laterally or vertically proximate one 
or more process chambers of deposition tool 240. For example, the deposition tool may include a cluster of process 
chambers that may each be configured to perform substantially similar processes or different processes. In 
addition, the measurement chamber may disposed laterally or vertically proximate a load chamber of deposition 
S tool 240. A load chamber of a deposition tool may be configured to siqpport multq)le specimen such as a cassette of 
wafers that are to be processed in the deposition tool. A robotic waf& handler may be configured to remove a 
specimen from the load chamber prior to processing and to dispose a processed specimen into the load chamber. 
Furihennore, die measurement cliamber may be disposed in other locations proximate a deposition tool such as 
anywhere proximate the deposition tool where there is sufficient space for the system and anywhere a robotic wafer 

1 0 handler may fit such that a specimen may be moved between a process chamber and tilie system. 

In this manner, a robotic wafer handler of deposition tool 240, stage 264, or another suitable mechanical 
device may be configured to move specimen 246 to and from the measurement chamber and process chambers of 
the deposition tool In addition, the robotic wafer handler, the stage, or another suitable mechanical device may be 
configured to move specimen 246 between process chanibers of the deposition tool and the measurement chamber. 

1 5 Measurement device 238 may be further coupled to deposition tool 240 as further described widi respect to Fig. 
17. 

Measurement device 238 may include first illummation system 244 configured to direct light havmg a 
known polarization state to specimen 246 such that a region of the specimen may be illuminated prior to, during, or 
subsequent to a deposition process. A portion 249 of the light directed to specimen 246 by first illumination system 

20 244 may propagate firom the illuminated region of tbe specimen. In addition, the measurement device may include 
detection system 248 cozifigined to analyze a polarization state of light 249 propagating fi-om the surface of 
specimen 246 prior to, during, or subsequent to a deposition process. In this manner, the measurement device may 
be configured to operate as a spectroscopic ellipsometer. 

In addition, measurment device 238 may include second illummation system 2S0 configured to dhrect 

25 light having a known polarization state to specimen 246 such that a region of die specimen may be illuminated 
during a deposition process. A portion 251 of the light directed to specimen 246 by second illumination system 
250 may propagate from the illuminated region of the specimen along a path of the directed light In addition, the 
measurement device may include detection system 252 configured to measure an intensity of the light propagating 
from the surface of specimen 246 prior to, during, or subsequent to a deposition process. In this manner, the 

30 measurement device noay also be configured to operate as a spectroscopic reflectometer. The measurement device, 
however, may also be configured to operate as a beam profile ellipsometer and a null ellipsometer. 

The relatively small sections of substantially optically transparent material 242 may be configured to 
transmit light from light source 254 of first iUmnination system 244 outside the process chamber to a surface of 
specimen 246 within the process chamber and to tran^t light propagating from the surface of the specimen to 

35 detector 256 outside the process chamb^. In addition, relatively small sections of substantially optically 

transparent material 242 may be configured to transmit light from light source 258 of second illumination system 
250 outside the process chamber to a surface of specimen 246 within the process chamber and to transmit light 
propagating from the surface of the specimen to detectors 260 and 262 outside the process chamber. The 
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substantially optically transparent material may have optical or material properties such that the hght from light 
sources 254 and 258 and the light propagating from a surfece of specimen 246 may pass through relatively smaU 
sections 242 disposed within process chamber without undesirably altering the optical properties of the directed and 
returned light. In addition, the substantially optically transparent material may be configuied to focus light from 
5 light sources 254 and 258 onto the surface of semiconductor 246. in this manner^ measurement device 238 may be 
coupled to stage 264 disposed within the process chamber. Stage 264 may be configured as descnbed hereia 

Spectroscopic ellqisometty may include focusing an incidence beam of polarized light on a specimen and 
monitoring a change in pohnz&tion for at least a portion of the incidence beam reflected from the specimen across 
a broad spectrum of wavelengdis. Exan^les of spectroscopic ellipsometers are iUustrated in U.S. Patent Nos. 

10 5,042,95 1 to Gold et al, 5,412,473 to Rosencwaig et al., 5,581,350 to Chen et al., 5,596,406 to Rosencwaig et al., 
5,596,41 1 to Fanton et al, 5,771,094 to Carter et al., 5,798,837 to Aspnes et al, 5,877,859 to Aspnes et al,, 
5,889,593 to Bareket et al., 5,900,939 to Aspnes et al., 5,910,842 to Piwonka-Corle et al., 5,917,594 to Norton, 
5,973,787 to Aspnes et al., and 6,256,097 to Wagner and are incorporated by reference as if fully set forth herein. 
Additional examples of spectroscopic devices are illustrated in PCT Application No, WO 99/02970 to Rosencwaig 

IS et al. and is incorporated by reference as if fully set forth herein. 

Light source 254 may include any of the light sources as described herein^ which may be configured to 
emit broadband light Illumination system 244 may include optical component 266 positioned along a path of the 
emitted light. Optical component 266 may be configured to alter a polarization state of the emitted light such that 
light having a known polarization state such as linearly or circularly polarized light may be directed to a surface of 

20 specimen 246. In addition, illumination system 244 may also include an additional optical component (not shown) 
configured to focus and dkect hght emitted from light source 254 to the surface of specimen 246, Detection system 
248 may also include optical component 268 positioned along a patii of die light propagating from the surface of 
the specimen* Optical component 268 may be configured to function as an analyzer of a spectroscopic 
eUipsometer. Detection system 248 may also include a dispersion element such as a spectrometer (not shown). The 

25 dispersion element may be configured to separate lig^t propagating from the surface of the spechnen havmg 

different wavelengths. The separated components of the beam may be detected by individual elements of detector 
256, which may be configured to function as a detector array. The polarizer may be configured to rotate such that a 
time varying intensity may be detected by the elements of the detector array. Processor 270 may be configured to 
receive one or more output signals from detector 256 and may be configured to process the data. 

30 Output signals from detector 256 may be responsive to an intensity of light at elements of the detector 

array. Processor 270 may be configured to convert the output signals to ellipsometric parameters, and Q by 
mathematical equations known ul the art as described above. Processor 270 may be configured to convert the 
ellipsometric parameters, yf and to a property of a layer being formed upon a surface of specimen 246 using a 
mathematical, or optical, model as described herein. For example, processor 270 may be configured to determine a 

3 5 thickness, an index of refraction, and an extioction coefficient of a layer, a portion of a layer, or several layers on 
specimen 246 from the ellipsometric parameters by using an optical model. A thickness, an index of refraction, and 
an extinction coefiScient may be commonly refetred to as 'ihin fihn*' characteristics of a layer. 
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Alternatively, processor 270 may be configured to determine a critical dimension of a feature on specimen 
246 ftom one or more output signals from measurement device 238. For example, a critical dimension of a feature 
may include, but is not limited to, a lateral dimension such as a width, a vertical ditnension such as a height and a 
sidewall profile as described herein. In addition, processor 270 may be further configuied to determine a fliickness, 
5 an index or refraction, and/or an extinction coefScient of a layer of the specimen, and a critical dimension of a 
feature on tiie specimen torn one or more ou^ut signals from measurement device 238. For exan:q>le, processor 
270 may be configured to compare one or more ou^ut signals firom tiie measurement device with one or more 
predetermined tables that may include expected output signals versus wavelength for dififeroit characteristics such 
as width, height, and sidewall profile. Expected output signals versus wavelength for different characteristics of a 
1 0 predetermined table may be determined, for example, e7q)erimentally with specimens of known characteristics 
and/or theoretically through mathematical modeling. 

In addition, processor 270 may be configured to compare one or more output signals from measurement 
device 238 with one or more predetermined tables that may include expected output signals versus wavelength for 
different characteristics and interpolated data between the expected output signals versus wavelengdL 
1 5 Alternatively, processor 270 may be configured to perform an iteration using one or more starting guesses through 
(possibly approximate) equations to converge to a good fit for one or more output signals from the measurement 
device. Suitable equations may include, but are not limited to, any non-linear regression algorithm known in the 
art 

In an additional embodiment, the system may further include a calibration ellipsometer (not shown). The 

20 calibration ellipsometer may be configured to determine a thickness of a reference layer on a specimen. The 

thickness of the reference layer may then be measured using the spectroscopic ellipsometer of the measurement 
device as desoibed herein. A phase of&et of the thickness measurements of the reference layer generated by the 
calibration ellipsometer and the measurement device may be determined by processor 270. The processor may be 
configured to use the phase offset to determine additional layer tiucknesses from measurements made by tiie 

25 measurement device. The calibration ellipsometer may also be coupled to the process chamber of the deposition 
tool. As such, the calibration ellipsometer may be used to reduce, and even eliminate, variations in measured 
ellipsometer parameters. For example, measurements of the ellipsometric parameter^ Q may vary due to changing 
environmental conditions along one or more optical paths of the measurement device. Such a variation in the 
ellipsometric parameter, Q may alter thickness measurements of a layer on a specimen. Therefore, a calibration 

30 ellipsometer may be used to reduce, and even eliminate, a drift in thickness measurements of a layer on a specimen. 
Spectroscopic reflectometry may include focusing a broadband radiation beam on a specimen and 
measuring a reflectance spectrum and mdex of refraction of the spechnen firom which a thickness of a layer may be 
determined. Example of spectroscopic reflectometers are illustrated in U.S. Patent Nos. 4,999,014 to Gold et al, 
and 5,747,813 to Norton et al. and are mcoiporatedby reference as if fully set fortii herein. Second iUumination 

3 5 system 250 may include light source 258 such as xenon arc lanxp. Light source 258 may also include any light 
source configured to emit broadband light, which may include visible and ultraviolet light. Second illumination 
system 250 may also be coupled to beam splitter 259. Beam splitter 259 may be configured to direct Hght emitted 
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by light source 258 to a surface of specimen 246 such tiiat a substantially continuous broadband spectrum of light 
may be directed to the sur&ce of specimen 246. 

The san^le beam may be focused onto a region of specimen 246, and at least a portion of the san^Ie 
beam reflected from Ihe illuminated region may be passed through a spectrometer (not shown) of detection system 
S 252. In addition, detection system 252 may include a dif&action grating (not shown) configured to disperse light 
passing therethrough as it enters the spectrometer. In this manner, a resulting first order diffraction beam may be 
collected by detector 260 or detector 262, which may include a linear photodiode array. The photodiode array, 
therefore, may measure a sample reflectance spectrum. A relative reflectance may be obtained by dividing the 
sample light intensity at each wavelength by a relative reference intensity at each wavelength. A relative 
10 reflectance spectrum may be used to determine the thickness of one or more layers on the specimen. In addition, 
reflectance at a single wavelength and a refractive index of one or more layers may also be detemoined from the 
relative reflectance spectrum. 

Fur&ermore, a model method by modal e3q>ansion (^'MMME*') model may be used to generate a library of 
various reflectance spectrums. As described herein, the MMME model is a rigorous diffraction model that may be 
1 S used to determine the theoretical di£fracted Ught ''fingerprinf from each grating in the parameter space. 
Altemative models may also be used to calculate the theoretical diffracted ligiht such as a rigorous coupling 
waveguide analysis fUCWA'*) model. The measured reflectance spectrum may be fitted to the Hbrary of various 
reflectance spectrums. 

The polarization state and the intensity of light propagating from a surface of specimen 246 may be altered 

20 during formation of a layer on specimen 246. For example, during a deposition process, such as chemical vapor 
deposition ("CVD") and low pressure chemical vapor deposition ("LPCVD") processes, a layer may be formed on 
specimen 246 by introducing reactant gases such as silane, chlorosilane, nitrogen and/or ammonia in the process 
chamber. The reactant gases may decompose and react at a heated sur&ce of a specimen to form a deposited layer 
of material. In this maimer, a thickness of the layer being formed on a surface of specimen 246 may increase 

25 during tiie deposition process. 

As the thickness of the layer increases during the deposition process, &e reflectivity of the surface of the 
layer may vary approximately sinusoidally with variations in the thickness of the layer. Therefore, the intensity of 
the returned light may vary depending on a thickness of ths deposited layer. In addition, the intensity of the 
returned light may be approximately equal to the square of the field magnitude according to the equation: I, = 

30 I Er I ^. Ir can also be expressed in terms of the ellipsometric parameters, y/ and For very thin layers, tan y/ may 
be independent of thickness, and □ is linearly proportional to the thickness of the layer. In this manner, one or 
more output signals responsive to the intensity of the ligiht returned from the specimen genemted by the 
measurement device may be used to determine a thickness of the layer. 

In addition, thickness variations of a layer on a specimen may vary depending on, for exan^le, parametm 

3S of an instrument coupled to the deposition tool Parameters of an instrument coupled to the deposition tool may 
detemiine the process conditions of a deposition process. For example, a deposition rate may be defined as a 
fliickness of a layer formed on a surface of a specimen in a period of time. The deposition rate, therefore, may 
affect variations in the thickness of a layer on a specunen during a deposition process. A deposition rate may be 
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substantially constant tfarougliout a deposition process. Alternatively, a deposition rate may vary diroughout a 
deposition process. The deposition rate may vary depending on a number of parameters of one or more instruments 
coupled to the deposition tool that may include, but are not limited to, temperature within the process diamber, 
temperature gradients in the process chamber, pressure within the process chaniber, total flow rates of the reactant 
5 gases, reactant gas ratios, and a flow rate of one or more dopant gases. Litfaismanner, intensity var^ons of light 
propagating &om a sur&ce of the specimen may vaiy depending upon parameters of an instrument coiq>led to tibie 
deposition tool. Therefore, a processor coupled to a measurement device may be configured to determine a 
parameter of an insbiunent coupled to a deposition tool from the measured intensity variations of tiie light 
propagating from a surface of the specimen during a deposition process. 

10 In an embodiment, a processor coupled to a measurement device, as shown in Fig. 23, may be configured 

to deteraiine a property of a Jayer formed on a specimen from detected light. The measurement device may be 
configured as described in above embodiments. The property of die formed layer may include, but is not limited 
to, a thickness, an mdex of refcaction, an extinction coefficient, a critical dimension, or any combination thereof. 
Subsequent to a deposition process, the specunen may be polished such that an upper surface of the deposited 

1 5 material may be substantially planar. Subsequent to polishing, a layer of resist may be formed on the deposited 
layer and the layer of resist may be exposed to pattem the resist dutmg a lithography process. In this manner, 
selected regions of the deposited layer may exposed, and at least a portion of the selected regions may be removed 
in an etch process. A conductive material such as aluminum or copper may be deposited in the etched portions of 
the deposited layer and on an upper surface of the deposited layer, for example, by a physical vapor deposition 

20 process. The specimen may be polished such that an upper surface of the specimen may be substantially planar. In 
diis manner, a number of semiconductor features such as interlevel contact structures may be formed on the 
specimen. 

The properties of the semiconductor features formed on the specimen may vary depending upon, for 
example, properties of the deposited layer and the conductive material and process conditions of the deposition, 
25 polishmg, lithography, etch, and physical vapor deposition processes. As such, properties of semiconductor 

features on a specimen may be determined using the determined properties of the deposited layer. In addition, a 
processor coupled to the measurement device may also be configured to determine a presence of defects such as 
foreign material on the deposited layer prior to, during, or subsequent to the deposition process from die detected 

30 In an additional embodiment, processor 270, as shown in Fig. 23, may be coupled to measurement device 

238 and deposition tool 240. The processor may be configured to interface with die measurement device and the 
deposition tool. For example, the processor may receive one or more signals from the deposition tool during a 
deposition process. The signals noay be representative of a parameter of one or more instruments coupled to the 
deposition tool The processor may also be configured to receive one or more signals from the measurement 

3 5 device. Signals from the measurement device may be representative of the detected light from detector 256, 260, 
and 262 as described herein. In an additional embodiment, measurement device 238 may be configured, as 
described herein, to measure variations in the intensity of light propagating from the specimen during a deposition 
process. For example, measurement device 238 may be configured to measure the intensity of light propagating 
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from the specimen substantially ccmtiBuously or at predetennined time intervals during a deposition process. Hie 
processor may, therefore, be configured to monitor variations in output signals fiom the measurement device during 
a deposition process. In this maimer, the processor may be configured to detennine a relationship between the 
monitored variations and/or the output signals torn the measurement device and ou^ut signals fiom the deposition 
5 tool responsive to a parameter of one or more instruments coupled to the deposition tool As such, the processor 
may be configured to. alter a parameter of one or more instruments coiq}led to the deposition tool using the 
determined relationship. In addition, the processor may be configured to determine a parameter of one or more 
instruments using the determined relationship and one or more ou^ut signals from the measurement device. 
Additionally, the processor may be further configured to control the measurement device and the 

1 0 deposition tool. For example, tiie processor may be configured to alter a parameter of an instrument coupled to the 
deposition tool in response to the detected light In this manner, the processor may be configured to alter a 
parameter of an instrument coupled to the deposition tool using an in situ control technique. In addition, the 
processor may be configured to alter a parameter of an instrument coupled to the measurement device in response 
to the detected light For example, the processing device may be configured to alter a samplmg fiequency of the 

1 5 measurement device in response to the detected light 

By analyzing variations in ou^ut signals from the measurement device during a deposition process, 
processor 270 may also generate a signature, which may be representative of the formation of a layer on specimen 
246. The signature may include at least one singularity that may be characteristic of an endpoint of the deposition 
process. For example, an appropriate endpoint for a deposition process may be a predetermined thickness of a layer 

20 on the specimen. A predetermined thickness of a layer on the specimen may be larger or smaller depending upon, 
for example, the semiconductor device fabricated by the deposition process. After the processor has detected the 
singularity of the signature, the processor may be configured to reduce, and even terminate, deposition of the layer 
on the specimen by altering a parameter of an instrument coupled to the deposition tool 

In an embodiment, processor 270 may be configured to use one or more output signals from measurement 

25 device 238 to determine a parameter of one or more mstruments coupled to deposition tool 240 for deposition of 
layers on additional specimens. For exair^le, a thickness of a layer on a specimen may be determined using one or 
more output signals from measurement device 238. The thickness of tiie layer on the specimen may be greater llian 
a predetermined thickness. Therefore, before processing additional specimens, a flow rate of a reactant gas or 
another parameter of one or more instruments coupled to the deposition tool may be altered In this manner, a 

30 thickness of layers formed on the additional specimens may be closer to the predetennined thickness than the 

measured layer. For example, die flow rate of the reactant gas used in the deposition process may be decreased to 
deposit a thinner the layer on the additional specimens, In this manner, the processor may be used to alter a 
parameter of one or more instruments coupled to a deposition tool in response to one or more output signals of the 
measurement device using a feedback control technique. 

35 In an additional embodiment, processor 270 may be configured to determine a parameter of one or more 

mstruments coupled to a process tool, configured to perform additional semiconductor fabrication processes, usmg 
one or more output signals fiom xneasuremient device 238. The additional semiconductor fabrication processes may 
be performed subsequent to a deposition process. Additional semiconductor fabrication processes performed 
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subsequent to a deposition process may include, but are not limited to, a chemical-mechanical polishing process 
configured to planarize a deposited layer on the specim^ For exanxple^ a thickness of a layer deposited on a 
specimen during a deposition process may be determined using one or more output signals from Ihe measur^nent 
device. The determined thickness of the deposited layer may be greater than a predetermined thickness for the 
5 layer. 

Process conditions of a subsequent polishing process, however, vaay be optimized for the predetemuned 
thickness of the deposited layer on the specimen. Therefore, before polishing the d^osited layer, a parameter of 
one or more mstmments coupled to a polishing tool such as process time or pressure applied to a back side of the 
specimen may be altered such that an upper surface of the deposited layer may be planarized. For example, a 

10 process time n:iay be increased to ensure substantially complete planarization of the deposited layer. In this manner, 
the processor may be conJfigured to alter a parameter of an instrument coupled to a chemical mechanical polishing 
tool in response to one or more output signals from the measurement device using a feedforward control technique. 
In addition, tiie processor and the measurement device may be further configured according to any of the 
embodiments described herein. For example, a processor coupled to the measurement device may also be 

1 5 configured to detect defects on the specimen, a thickness of a deposited material, a sheet resistivity of a deposited 
material, a.tiieniial difEusivity of a deposited material, or any combination thereof during the deposition process 
using one or more output signals firom the measurement device. 

In an embodiment; a method for detetmining a characteristic of a specimen during a deposition process 
may include disposing the specimen upon a stage. The stage may be disposed within a process chamber of a 

20 deposition tool, as shown in Fig. 23. The stage may also be configured to support the specimen during a deposition 
process. The measurement device may be coupled to the deposition tool, as shown in Fig. 23. As such, the stage 
may be coupled to a measurement device, In addition, the measurement device may be configured as described in 
above embodiments. The metiiod may include directing light to a surface of the specimen. The directed light may 
have a known polarization state. Hie directed light may strike tibe sur&ce of tiie specimen. A layer may be formed 

25 on the sur&ce of the spedmen during the dq^osition process. 

In addition, the method may include detectii^ light propagating firom the surface of the specimen during 
Ihe deposition process. The method may also mclude generating one or more output signals responsive to an 
intensity and/or a polarization state of the detected light. The intensity and/or polarization state of the detected light 
may vary depending on, for example, one or more characteristics of a layer formed on the specimen. Therefore, 

30 such one or more output signals may be used to determine one or more characteristics of the formed layer. In this 
manner, the method may include determining one or more characteristics of a layer being formed on a specimen. 
Furthermore, the method may include determining one or more characteristics of more tiian one layer being formed 
on tiie specimen. The one or more characteristics may mclude, but are not Ihxuted to, a tiiickness, an index of 
refiraction, an extinction coefficient of one or more layers on the specimen, a critical dimension of a feature on the 

3 S specimen, a presence of defects on the specunen, or any combmation thereof. 

In additional embodunents, die method for determining a characteristic of a layer on a specimen during a 
deposition process may include steps of any methods as described herem. For exanq)le, the mediod may include 
altering a parameter of an instrument coupled to the deposition tool in response to one or more ou^ut signals 
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responsive to an intensity and/or a polarization state of the detected light. In diis maimer, the mstbod may include 
altering a parameter of an instrument coupled to the deposition tool usmg a feedback control technique, an in situ 
control technique, or a feedforward control technique. In addition, the method may include altezing a parameter of 
an instrument coupled to the measurement device in response to &e one or more output signals. For example, the 
5 method may include alt&ang a sampling freqaency of the measurement device in response to fbe one or more 

output signals. Furthermore, the method may include obtaining a signature characteriznig deposition of a layer on 
the spechnen. The signature may include at least one singularity rq}resentative of an endpoint of the deposition 
process. For example, an appropriate endpoint for an deposition process may be a predetermined thickness of a 
layer formed on the .specimen. In addition, the predetermined thickness may be larger or smaller depending upon, 

10 for example, the semiconductor device feature fabricated by the deposition process. Subsequent to obtaining the 
singularity representative of the endpoint, the method may include altering a parameter of an instrument coupled to 
the deposition tool to reduce^ and even teimmate, the deposition process. 

In an embodunent, a computer-implemented me&od may be used to control a system configured to 
determine a characteristic of a layer dunng a deposition process. The system may uiclude a measurement device 

1 5 coupled to an deposition tool, as described herem. The method may include controlling the measurement device. 
Controlling the measurement device may include controlling a light source to direct lig^t to a sur&ce of the 
specimen such that the directed light may strike the surface of the specimen. The directed light may have a known 
polarization state. In addition, controlling the measurement device may include controlling a detector to detect 
light propagating from the surface of the specimen during the deposition process. Furthermore, the method may 

20 include processing the detected light to determine an intensity or a polarization state of the detected light. For 

example, the method may include processing tiie detected light may include generating one or more output signals 
responsive to the detected light. Hie method may further include determining one or more characteristics of a layer 
being formed on the specimen using the one or more ou^ut signals. The one or more characteristics may include a 
thickness, an index of refraction, and an extinction coefticient of tiie lay^ on the specimen, a critical dimension of 

25 a feature on die specimen, a presmce of defects on the specimen, or any combination thereof. 

In additional embodiments, the caQqmter-in]p]emeaited method for controlling a system to determine a 
characteristic of a layer being formed on a specimen during a deposition process may include steps of any of the 
methods as described herein. For example, the method may include controlling an instrument coupled to the 
deposition tool to alter a parameter of the instrument in response to the one or more output signals. Controlling an 

30 instrument coupled to the d^osition tool may mclude using a feedback control technique, an m situ control 

technique, and/or a feedforward control technique. In addition, the method may include controlling an instrument 
coupled to the measurement device to alter a parameter of die instrument in response to the one or more ou^ut 
signals. For exan^le, the method may include controlling an instrument coupled to the measurement device to 
alter a sanq>ling frequency of tlie measurement device m response to the one or more output signals. 

35 In an additional example, the computer-implemented method may include controlling the measurement 

device to obtain a signature characterizing deposition of a layer on the specimen. The signature may include at 
least one singularity representative of an endpoint of the deposition process. For example, an appropriate endpoint 
for a deposition process may be a predetermined thickness of a layer deposited on the specimen. Subsequent to 
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obcaimng tiie siagularity representative of the encfpoiat, the method may include controUing a panuseter of an 
instrumeat coupled to the deposition tool to alter the parameter of the instrument to reduce, and even terminate, 
deposition of tiie layer on the specimen. 

An additional embodiment relates to a me&od for fabricating a semiconductor device* The method may 
include disposing a specimen such as a wafer iq^on a stage. The stage may be disposed wilhin a process chainber of 
a deposition tool. The stage may be configured to support the specimen during a deposition process. A 
measurement device may also be coupled to the process chamber of the deposition tool In this manner, die stage 
may be coupled to the measurement device. The method may further include fohniag a portion of a semiconductor 
device upon the specimen. For example, forming a portion of a semiconductor device may include depositing a 
layer of material on the specimeru Depositing the layer on the specimen may include forming a layer of a dielectric 
material over a specimen having a plurality of dies. The plurality of dies may include repeatable pattern features. 
For example, the deposited layer may be used to electrically isolate proximate or adjacent features of a 
semiconductor device that may be formed on the specimen. 

The mediod for fabricating a semiconductor device may also include directing light toward a surface of the 
specimen. The directed light may have a known polarization state. The mediod may also include detecting light 
propagating from the surface of die specunen during the deposition process. In addition, the method may include 
detennining an intensity and/or a polarization state of the detected light The intensity and/or the polarization state 
of the detected light may vary depending upon, for example, one or more characteristics of a layer formed on the 
specimen. The method may also include generating one or more output signals responsive to an intensity and/or a 
polarization state of the detected light. In this manner, the method may include determining a characteristic of a 
layer deposited on the specimen using the one or more output signals. The characteristic may include a thickness, 
an index of refraction, and an extinction coefScient of the layer on the specimen, a critical dimension of a feature 
on die specimen^ or any combimtion thereof. 

In additional embodiments, the mediod for fabricating a semiconductor device may include steps of any of 
the methods as described hereizL For exan^le, the method may include altering a parameter of an instrument 
coupled to the deposition tool in re^onse to die one or more output signals. Altera^ a parameter of an instrument 
coupled to the deposition tool may include using a feedback control technique, an m situ control technique, and/or a 
feedforward control technique. In addition, the mediod may include altering a parameter of an instrument coupled 
to the measurement device in response to the one or more output signals. For example, the method may include 
altering a sampling frequency of the measurement device in response to the one or more output signals. 
Furihermore, die method may include obtaining a signature characterizing dq}osition of a layer on the specimen. 
The signature may iaclude at least one singularity representative of an endpoint of the deposition process. For 
example, an appropriate endpoint for a deposition process may be a predetermined thickness of a layer deposited on 
die specunen. Subsequent to obtaining the singularity representative of the endpomt, die mediod may include 
altering a parameter of an instrument coupled to the deposition tool to reduce, and even terminate, the deposition 
process. 

Fig. 24 illustrates an embodiment of a system configured to evaluate an etch process, hi an embodiment, a 
system configured to evaluate an etch process may include measurement device 272 coi^led to process chamber 
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274 of an etch tool. Measurement device 272 may be coupled to process chamber 274 such that the measurement 
device may be external to the process chamber. As such, exposure of the measurement device to chemical and 
physical conditions within the process chamber may be reduced, and even eliminated. Fur&ermore, the 
measurement device may be externally coupled to the process chainber such that the measurement device may not 
5 alter the opmtion, performance, or control of the etch process. For example, a process chasiber may include one 
or more relatively small sections of a substantiany optically transparent material 276 disposed within walls of 
process chamber 274. The configuration of process chamber 274, however, may determine an iqppropriate method 
to couple measurement device 272 to the process chamber. For exsaoaple, the plac^ent and dimensions of 
substantially optically transparent material sections 276 within walls of the process chamber may vary depeading 

10 on, for example, the configuration of the components within the process chamber. 

In an alternative embodiment, measurement device 272 may be disposed in a measurement chamber, as 
described with respect to and shown in Fig. 16. The measurement chamber may be coupled to process chamber 
274 of an etch tool, as shown in Fig. 17. For example, the measurement chamber may be disposed laterally or 
vertically proximate one or more process chambers of an etch tool. In this manner, a robotic wafer handler of an 

1 5 etch tool, stage 280, or another suitable mechanical device may be configured to move specimen 278 to and from 
the measurement chamber and process chambers of the etch tool. In addition, the robotic wafer handler, the stage, 
or another suitable n:iechanical device may be configured to vaove specunen 278 between process chambers of the 
etch tool and the measurement chamber. Measurement device 272 may be further coupled to process chamber 272 
as further described with respect to Fig. 17. 

20 Examples of etch tools are illustrated in U.S. PatentNos. 4,842,683 to Cheng et al., 5,215,619 to Cheng et 

al. 5,614,060 to Hanawa, 5,770,099 to Rice et al., 5,882,165 to Maydan et al., 5,849,136 to Mintz et al., 5,910,011 
to Crase, 5,926,690 to Toprac et al., 5,976,310 to Levy, 6,072,147 to Koshiishi et al., 6,074,518 to Imafoku et al., 
6,083,363 to Ashtiani et al., and 6,089,181 to Suemasa et aL, 6,110,287 to Aral et al., and are incorporated by 
reference as if fully set forth herein. An additional example of a measurement device couple to an etch tool is 

25 ilhistrated in FCT Application No. WO 99/54926 to Grimbergen et al., and is incorporated by reference as if fully 
set forth herein. In WO 99/54926, a measurement device coupled to an etch tool is described as a 'Reflectance 
thickness measuring machine," which is substantially different than a measurement device as described herein. An 
example of an apparatus for estimating voltage on a wafer located in a process chamber is illustrated in European 
Patent Application No. EP 1 072 894 A2 to Loewenhardt et al, and is incorporated by reference as if fully set forth 

30 herein. 

Measurement device 272 may be configured to direct an incident beam of light having a known 
polarization state to specimen 278 such that a region of the specimen way be illuminated prior to, during, or 
subsequent to an etch process. In addition, the measurement device may be configured to analyze a polarization 
state of the light returned fiom the illuminated region of the specimen prior to, during, or subsequent to an etch 
35 process. For example, the measurement device may include a beam profile ell^someter. Additionally, however, 
measurement device 272 may include a spectroscopic beam profile ellipsometer, a null ellipsometer, and/or a 
spectroscopic ellipsometer. Furthermore, measurement device 272 may be configured as a scatterometer as 
described herein. 



109 



wo 02/25708 PCTAJSOl/42251 
The relatively small sections of transparent material 276 may transmit an incident beam of light from a 
light source outside the process chamber to a specimen within the process chamber and a returned light beam Scorn 
specimen 278 to a detector outside the process chamber. The optically tcanspaient material may have optical or 
material properties such that the incident beam of light and the returned light beam may pass through the relatively 
5 small sections of transparent material without substantially undeskably altering the optical properties of the incident 
and returned light beams. In this manner, measurement device 272 may be coupled to stage 280 disposed within 
the process chamber and configured to support the specimen 278. 

Measurement device 272 may include light source 282 configured to generate an incident beam of light. 
Light source 282 may include, for example, a laser configured to emit light having a known polarization state such 

10 as a gas laser or a solid state laser diode. Such lasers typically may emit light having a single wavelength of 633 
nm and 670 nm, respectively. Measurement device 272 may also include polarization section 284 which may 
include, but is not limited to, a linear or circular polarizer or a birefringent quarter wave plate compensator. The 
polarization section may be configured to convert linear polarized ligjht into circularly polarized light In this 
manner, an incident beam of light having a known polarization state may be directed toward the specimen. In 

1 5 addition, measurement device 272 may include beam splitter 286 configured to direct at least a portion of die 

incident beam of light to an upper surface of specimen 278. Beam splitter 286 may also be configured to dkect the 
incident beam through high numerical aperture CNA**) lens 288. In this manner, measiirement device 272 may be 
configured to direct the incident beam of light to specimen 278 at a number of angles of incidence. For example, 
high NA lens 288 may have a numerical aperture of approximately 0.9. The numerical aperture of the lens may be 

20 larger or smaller, however, depending on, for example, the number of angles of incidence required. In addition, 
high NA lens 288 may be configured to focus the incident beam to a very small spot size on the upper surface of 
specimen 278. In this manner, the incident beam may be directed at a number of angles of incidence to a single 
feature or region on the specimen. Beam splitter 286 may also be configured to transmit a portion of the incident 
beam light such that the transmitted portion of the incident beam of light may be configured to strike detector 283. 

25 Detector 283 may be configured to monitor fluctuations in the output power of light source 282. 

Light returned fix>m the surface of specimen 278 may pass back through high NA lens 288 and beam 
splitter 286 to polarizer 290. Polarizer 290 may include, for exaix^le, a rotating polarizing filter. The measurement 
device may also include detector 292 configured to measure an intensity of the returned light at a number of angles 
of incidence. For example, detector 292 may include a diode array that may be radially positioned in a two- 

30 dimensional anay such tiiat the intensity of returned light may be measured at a number of angles of incidence. 

In an alternative embodiment, light retumed from die specimen may pass through quarter-wave plate 294. 
The quarter-wave plate may be configured to retard the phase of one of the polarization states of the retumed light 
by about 90 degrees. In such a measurement device, polarizer 290 may be configured to cause the two polarization 
states to interfere. Detector 292 for such a measurement device may include a quad-cell detector having four 

35 quadrants. Each quadrant of the detector may be configured to generate one or more output signals approxinoately 
proportional to the magnitude of the power of the retumed lig^t striking the quadrant of the detector. Each signal 
may represent an integration of the intensities of the retumed light at different angles of incidence. Such a quad- 
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cell detector may also be configured to operate as a full power detector if the one or more output signals from all of 
the quadrants is sununed. 

In each of the embodiments described above, processor 296 may be configured to determine a diickness, 
an index of refiaction, an exdnction coefficient of the specimen and/or a critical dimension of a feature on &e 
S specimen from one or more output signals of detector 292. For example, processor 296 may determine a Sickness 
of a layer or a feature on specimen 278 or a thickness of a feature such as an isolation stracture formed in specimen 
278 fiK)m one or more output signals of detector 292. 

In an additional alternative embodiment, light source 282 may be configured to generate broadband light 
having a known polarization state. An appropriate light source may include a polychromatic light source such as a 

10 tungsten halogen lamp. For such a configuration of the measurement device, light returned from the specimen may 
be passed through a filter (not shown). The filter may be configured to pass light through two quadrants of the 
filter and to block light through two other quadrants of the filter. As such, Hght passed through the filter may have 
an eUipsometcic signal, d, of only one sign, for example, positive. After passing through the filter, the returned 
light may pass through a spatial filter (not shown) having a small aperture. The spatial filter may be configured to 

15 limit the wavelength of light that may be directed to detector 292. As such, the width of the aperture of the spatial 
filter may be larger or smaller depending on, for example, the desked wavelength resolution. 

The measurement device may also include a grating (not shown) configured to focus the returned light 
such that light from all angles of incidence may be combined and to angularly disperse the returned lig^ as a 
function of wavelength. The grating may include a curved grating and a curved mirror, a lens and a separate planar 

20 grating, or a prism. Detector 292 may include an array of a plurahty of individual detector elements. In this 

manner, the detector may be configured to measure an intensity of returned light over a narrow wavelength regime 
and a number of angle of incidences. As such, the spatial filter, the grating, and the detector may have a 
configuration substantially similar to a conventional spectrophotometer. 

The measurement device may be fiirther configured to perform a second measurement of light returned 

25 from the surface of the specimen. In this measurement, light passed through the filter may have an ellipsometric 
signal, ^, opposite to the sign of the light passed dirough the filter for the first measurement (i.e., negative). In the 
additional embodiments described above, processor 296 may also be configured to determine a diickness, an index 
of refiraction, an extinction coefficient of the spedmen, and/or a critical dimension of a feature on the specimen 
from one or more output signals of the detector. For exan:q3le, the processor may be configured to determine a 

30 thickness of a layer on specimen 278 or a feature such as an isolation structure formed in specimen 278 from the 
one or more output signals of the detector. Examples of beam profile eUipsometers are illustrated in U.S. Patent 
Nos. 5,042,951 to Gold et al., 5,181,080 to Fanton et al., 5,596,41 1 to Fanton et al., 5,798,837 to Aspnes et al., and 
5,900,939 to Aspnes et al., and are incorporated by reference as if fully set forth herein. 

In an additional embodiment, the system may furdier mclude a calibration ellipsometer (not shown). The 

35 calibration ellipsometer may be configured to detetmme a thickness of a reference layer on a specimen. The 
thickness of the referrace layer may be measured using the measurement device as described herein. A phase 
offset of the thickness measurements of the reference layer generated by the calibration ellipsometer and the 
measurement device may be determined by processor 296. The processor may be configured to use the phase 
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ofifeet to deteimine additional layer thicknesses from measutements made by the measurement device. The 
calibration ellipsometer may also be coupled to process chamber 274 of the etch tooL As such, the calibration 
ellipsometer may be used to leduce, and even eliminate, variations in measured ellipsometer parameters. For 
example, measurements of &e ellipsometric paiamieter, Q may vary due to changing environmental conditions 
5 along one or more optical paths of the measurement device. Such a variation in &6 el^psometric parameter, Q may 
alter thickness measurements of a layer on a specimen. Therefore, a calibration ellipsometer may be used to 
reduce, and even eliminate, a drift in thickness measurements of a layer on a specimen. 

The polarization state of light returned from a specimen may be altered during etching of the specimen. 
For example, during an etch process such as a reactive ion etch C^RIE") or a plasma etch process, a selectively 

1 0 exposed layer on the specimen may be removed by chemical reactions involving chemical reactive species of 

plasma 298 and a surface of specimen 278 and ionic species of plasma 298 striking the surface of specimen 278. In 
this manner, a diickness of the selectively exposed layer may be removed during the etch process. As die thickness 
of the layer is reduced dunng the etch process^ the reflectivity of the layer may vary approximately sinusoidally 
with variations in the thickness of the layer. Therefore, the intensity of the returned light may vary depending on a 

15 thickness of (he selectively exposed layer. In addition, the intensity of the returned light may be approximately 
equal to the square of the field magnitude according to the equation: | £j; | ^. /r can also be expressed in 
terms of die ellipsometric parameters, !Pand d. For very thin layers, tan y^may be independent of thickness, and 3 
may be ^proximately linearly proportional to the thickness of the layer. In diis manner, output signals from the 
measurement device responsive to the intensity of the light returned from die specimen may be used to determine a 

20 thickness of the layer. 

An etch rate may be defined as a thickness of a layer on a specimen that may be removed in a period of 
tune. The etch rate, therefore, may detramine the variations in the thickness of a layer on a specimen during an etch 
process. An etch rate may be substantially constant throughout an etch process. Alternatively, an etch rate may 
vary throughout an etch process. For example, an etch rate may decrease exponentially throughout an etch process. 

25 The etdh rate may be detracmmed by a number of parameters of one or more instruments coupled to the etch tool. 
For example, one parameter may include a flow rate of etchant gases from gas source 300 to process chamber 274 
of the etch tool. The flow rate may vary depending upon, for example, a parameter such as a position or a setting 
of an instrument such as valve 301. In addition, such parameters may also include radio frequency power values, 
which may be determined by instruments such as power suppKes 302 and 304 coupled to process chamber 274, An 

30 additional parameter may include a pressure within the process chamber and may be determined by instrument 306, 
which may be configured as a pressure gauge. 

Such parameters may affect thickness variations of a layer on a specimen during an etch process. For 
example, as pressure decreases in a process chamber, a thickness of a layer on a specimen may be removed at an 
increased rate during the etch process. In this manner, an intensity of a returned sample beam may vary depending 

35 upon a parameter of one or more mstruments coupled to the process chamber of the etcb tool. Therefore, processor 
296 coupled to measurement device 272 may be configured to detennine a parameter of an instrament coupled to 
process chamber 274 of the etch tool from the measured intensity of the returned sample beam during an etch 
process. 
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In an embodiment, processor 296 coupled to measurement device 272 may be configured to receive one or 
more output signals from detector 292. In addition, the processor may be configured to deteraiine a property of an 
etched region of specimen 278 from the one or more output signals. Measurement device 272 may be configured 
as described herein. For exanq)le, measurement device 272 may be configured as a beam profile ellipsometer, a 
S spectroscopic beam profile eUipsometer, a null ellipsometer, a spectroscopic eUipsometer and/or a scatterometer as 
described heiein. Therefore, property of the etched region may inchide, but is not limited to, a Sickness, an index 
of refraction, an extinction coefGcient, a critical dimension of a featuxe on the specimen, or any combination 
thereof. Thickness, index of refraction, and/or extinction coefficient may be commonly referred to as *11iin fihn*' 
characteristics. 

1 0 Subsequent to an etch process, a specimen may be stripped to remove residual masking material from the 

specimen. In addition, a material such as a conductive material noay be deposited upon the specimen. The 
specimen may also be polished such that an upper surface of the specimen may be substantially planar. In this 
manner, a number of semiconductor features such as interlevel contact structures may be formed on the fpecimeiL 
The properties of the semiconductor features formed on the specimen may vary depending on, for example, one or 

1 5 more properties of the etched region and process conditions of the stripping, deposition, and polishing processes. 
As such, properties of a semiconductor feature on specimen 278 may be determined using Ihe determined 
properties of the etched region. In addition, processor 296 coupled to measurement device 272 may also be 
configured to detennine a presence of defects such as foreign material on the specimen, prior to, during, or 
subsequent to the etch process from one or more output signals from detector 292. 

20 In an additional embodiment, processor 296 may be coupled to measurement device 272 and process 

chamber 274 of an etch tool. Processor 296 may be configured to interface with measurement device 272 and 
process chamber 274. For example, processor 296 may receive one or more output signals from a device coupled 
to process chamber 274 during an etch process. Such one or more output signals may be responsive to a parameter 
of an instrument coupled to the process chamber such as pressure gauge 306. Processor 296 may also be 

25 configured to receive one or more output signals from detector 292 as described herein. 

In an additional embodiment, the measurement device may be configured, as described above, to measure 
variations in the intensity of light returned from the specimen during an etch process. For example, the 
measurement device may be configured to measure the intensity of light returned from the specimen substantially 
continuously or at predetermined time intervals during an etch process. The processor may, therefore, receive 

30 output signals responsive of the intensity of light returned from the specimen from the measurement device and 
may monitor variations in &e output signals during an etch process. In addition, processor 296 may be configured 
to detemune a relationship between the output signals fix)m measurement device 272 and a parameter of one or 
more instruments coupled to process chamber 274. As such, processor 296 may be configured to alter a parameter 
of one or more instruments coupled to process chamber 274 in response to the determined relationship. In addition, 

35 the processor may be configured to determine a parameter of the instrument using tiie relationship and one or more 
output signals from the measurement device. 

Additionally, processor 296 may be fiirther configured to control measurement device 272 and etch tool 
274. For example, the processor may be configured to alter a parameter of an instrument coupled to the etch tool in 
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response to one or more output signals from the measurement device. The processor may be configured to alter a 
parameter of an instrument coupled to the etch tool using a feedback control technique, an in situ control technique, 
and/or a feedforward control technique. In addition, the processor may be configured to alter a parameter of an 
instrument coupled to the measurement device in response to one or more output signals from the measurement 
S device. For example, the processor may be configured to alter a sanq)Iing frequency of the measurement device in 
response to the output signals from the measurement device, as described herein. 

By analyzmg variations m output signals from the measurement device dming an etch process, the 
processor may also generate a signature ^t may be responsive to the etch process. The signature may uiclude at 
least one singularity that may be characteristic of an endpoint of flie etch process. For example, an endpoint for an 

10 etch process may be a predetermined thickness of a layer on die specimen. A predetermined thickness of a layer on 
the specimen may be larger or smaller depending upon, for example, a semiconductor device being &bricated on 
the specimen. In addition, an endpoint for an etch process may be approximately complete removal of a layer on a 
specimen. Such an endpoint may correspond to etching through substantially an entire thickness of a layer such 
that an underlying layer of material may be exposed for subsequent processing. After the processor has detected 

IS the singularity of the signature, the processor may reduce, and even termmate, etdiing of the specimen by altering a 
parameter of an mstrument coupled to the etch tool A method for detecting an en^omt of an etch process is 
illustrated in PCT Application Nos. WO 00/03421 to Sui et al. and WO 00/60657 to Grimbergen et aL, and is 
incorporated by reference as if fully set forth herein. 

In an embodiment, the processor may be configured to determine a parameter of one or more instruments 

20 coupled to the etch tool for subsequent etch processes of additional specimens using one or more output signals 

from the measurement device. For example, a thickness of a layer on the specimen may be determined using one or 
more output signals from the measurement device. The thickness of the layer on the specimen may be, for 
example, greater than a predetermined thickness. The predetermined thickness may vary depending on, for 
example, a feature of a semiconductor device, which may be fabricated during the etch process. Before processing 

25 additional specimens, a radio fi^uency power or anoliier parameter of one or more instruments coupled to the etch 
tool may be altered. For example, tiie radio frequency power of tiie etch process may be mcreased to etch a greater 
thickness of a layer on additional specimens. In this maimer, a thickness of a layer on additional specimens etched 
by the etch process may be closer to the predetermined thickness than the layer measured on the specimeiL In diis 
manner, the processor may be configured to alter a parameter of one or more instruments coupled to an etch tool in 

30 response to output signals from the measurement device using a feedback control technique. 

In an additional embodhnent, the processor may be configured to determine process conditions of 
additional semiconductor febrication processes using one or more output signals from the measurement device. 
The additional semiconductor &brication processes may be performed subsequent to an etch process. Additional 
semiconductor fabrication processes performed subsequent to the etch process may include, but are not limited to, a 

35 process to strip a masking material on the specimen. Typically, a masking material may be patterned on a specimen 
using a lithography process such that regions of the spedmra may be exposed during subsequent processiog. At 
least a portion of the exposed regions of the specimen may be removed during a subsequent etoh process. 
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Masking material remaining on the specimen after the etch process may be removed by a stripping 
process. A thickness of a masking material on a specimen during or subsequent to an etch process may be 
determined using one or more output signals from the measurement device. The determined thickness of the 
masking noaterial on the specimen subsequent to an etch process may be, for example, greater than a predetennined 
5 thickness. Cunent process conditions of a striping process, however, inay be optimized for th^ 

thickness of the masking material on the spedmeru Hierefore, before striding the masking material, a process 
condition of the stripping process such as process time or process tenq)erature may be altered such that substantially 
the entire masking material may be removed by the stripping process. For example, a process time of the stripping 
process may be increased such that approximately an entire (htckaess of die masldng material may be removed 
1 0 from the specimen. In this manner, the processor may be configured to alter a parameter of an instrument coupled 
to a stripping tool in response to one or more output signals from the measurement device using a feedforward 
control technique. In addition, the processor may be further configured according to any of the embodiments 
described herein. 

In an embodiment, a method for detemutdng a characteristic of a specimen during an etch process may 

IS include disposing specunen 278 upon stage 280. Stage 280 may be disposed within process chamber 274 of an 
etch tool The stage may be configured to support the specunien during an etch process. Measurement device 272 
may be coupled to process chamber 274 of the etch tool as described herem. As such, stage 280 may be coupled to 
measurement device 272. In addition, measurement device 272 may be configured as described herein. The 
me^od may include directing an incident beam of light to a region of the specimen. The incident beam of light 

20 may have a known polarization state. The directed incident beam of light may illuminate the region of tlie 

specimen at multiple angles of incidence during the etch process. The illuminated region of the specimen may be 
an exposed region of the specimen being removed during the etch process. 

in addition, tiie method may include detecting light returned from the illuminated region of the specimen 
during the etch process. The method may also include generating one or more output signals in req)onse to the 

25 detected light. The one or more output signals may be responsive to a polarization state of llie Ugiht returned from 
tiie illuminated region of the specimea Therefore, ^e method may include determining a change in a polarization 
state of the incident beam of light retumed from the specimen. Hie change in the polarization state of the incident 
beam of light retumed from the specimen may vary depending upon, for example, one or more characteristics of 
the specimen such as a thickness of a layer on the specimen. In this manner, the method may include determining 

30 one or more characteristics of a layer on the specimen using dze one or more output signals, Furthemore, the 

method may include determining one or more characteristics of more than one layer on the specimen using the one 
or more output signals. Sudi characteristics may include a thickness, an index of refraction, and an extinction 
coefficient of tlie layer on the specimen, a critical dimension of a feature on the specunen, or any combination 
thereof. 

35 In additional embodiments, the metiiod for determining a characteristic of a layer on a specimen during an 

etch process may mclude any steps of the embodiments as described herein. For exan^le, the method may mclude 
altering a parameter of one or more instruments coupled to the etch tool in response to one or more output signals 
from the measurement device. In this manner, tbe method may include altering a parameter of one or more 
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instrument coupled to the etch tool using a feedback control technique, an in situ control technique, and/or a 
feedforward control technique. In addition, the method may inchide altering a parameter of one or more 
instruments coupled to the measurement device in response to one or more ouiput signals from the measurement 
device. For example, the method may include altering a san9>ling frequency of the measurement device m 
5 response to one or more output signals from fhs measurement device. 

Furthermore, the method may include obtaining a signature characterizing an etch process. The signature 
may include at least one singularity representative of an endpoint of Hat etch process. For exainple, an endpoint of 
an etch process may be a predetermined thickness of a layer on the specimen. Jn addition, ^ predetermined 
thickness may be larger or smaller depending upon, for example, a semiconductor device being &bncated on the 

1 0 specimen. Subsequent to obtaining the singularity representative of the endpoint, the mediod may include altering 
a parameter of one or more instruments coupled to the etch tool to reduce, and even terminate, die etch process. 

An additional embodiment relates to a computer-implemented method for controlling a system configured 
to determine a characteristic of a specimen during an etch process. The system may include a measurement device 
coupled to an etch tool as described herem. The method may include controlling die measurement device to detect 

1 5 Hght returned from a region of the specimen during an etch process. For example, controlling the measurement 
device may include controlling a light source to direct an incident beam of light to a region of the specimen during 
an etch process. The light source may be controlled such that the incident beam of light may illuminate die region 
of the specimen at multiple angles of incidence during die etch process. The incident beam of light may have a 
known polarization state. The illuminated region of the specimen may include a region of the spedmen being 

20 removed during the etch process, In addition, controlling the measurement device may include controlling a 
detector to detect at least a portion of light retumed from the illuminated region of the specimen during the etch 
process. The method may also include generating one or more output signals responsive to the detected light. 
Furthermore, tiie method may include processing the one or more output signals to determme a change in a 
polarization state of the incidence beam of light retumed from the illuminated region of the specimen. The method 

25 may further include determining one or more characteristics of a layer on the specim^ usmg the one or more 
output signals. The characteristics may include, but are not limited to, a diickness, an index of refraction, an 
extinction coefficient of the layer on the specimen, and/or a critical dimension of a feature on the specimen, or any 
combination thereof. 

In additional embodiments, the computer-implemented method for controlling a system configured to 
30 determine a characteristic of a specimen during an etch process may include steps of any of the embodiments as 

described herein. For example, the method may include controlling an instrument coupled to the etch tool to alter a 
parameter of the instrument in response to one or more ouiput signals from the measurement device. The method 
may include controlling an instrument cougaled to the etch tool to alter a parameter of the instrument using a 
feedback control technique, an m situ control technique, and/or a feedforward control technique, in addition, the 
35 mediod may include controlling an instrument coupled to the measurement device to alter a parameter of the 

mstrument in response to one or more ou4>ut signals from the measurement device. For example, die mediod may 
include controlling an instrument coupled to the measurement device to alt^ a sampling frequency of the 
measurement device in response to one or more output signals from tiie measurement device. 



wo 02/25708 PCT/USOl/42251 
In an additional example, the method may include controlling the measurement device to obtain a 
signature chaiacteristlc of an etch process. The signature may include at least one singularity representative of an 
endpoint of the etch process. An end^int of an etch process may include, but is not limited to, a predetermined 
thickness of a layer on the specimen. The predetermined tbickness may be larger or smaller dep»iding upon, for 
5 example, a semiconductor device being &bricated on the specimen. Subsequent to obtaining the singularity 

representative of the en(^oint, the method may include controlling a parameter of one or more instruments coupled 
to the etch tool to alter a parameter of the instruments to reduce, and even end, the etch process. 

An additional embodiment relates to a method for fabricating a semiconductor device, which may include 
disposing a specimen upon a stage. The stage may be disposed within a process chamber of an etch tool, as shown 

10 in Fig. 24. The stage may be configiired to support the specimen during an etch process. A measurement device 
may also be coupled to the process chamber of the etch tool, as shown in Fig. 24. In this manner, the stage may be 
coupled to the measurement device. 

The method may further include forming a portion of a semiconductor device upon the specimen. For 
example, forming a portion of a soniconductor device may include etching e3q)0sed regions of the specimen. 

1 S During an etch process, typically, an entire specimen may be exposed to an etch dhiemistry. A masking material 
may be arranged on the specimen prior to the etch process to expose predetermined regions offbs specimen to the 
etch chemistry. For example, portions of the masking material may be removed using a lithography process and/or 
an etch process to expose predetermined regions of the specimen. The exposed predetermined regions may be 
regions of the specimen in which features of a semiconductor device may be formed. Remaining portions of the 

20 masldng material may substantially inhibit underlying regions of the specimen to be etched during the etch process. 
Appropriate masking materials may include, but are not limited to, a resist, a dielectric material such as silicon 
oxide, silicon nitride, and titanium nitride, a conductive material such polycrystalline silicon, cobalt silicide, and 
titanium silicide, or any combination thereof. 

The method for fabricating a semiconductor device may also mdude directing an incident beam of light to 

25 a region of the specimen. The incident beam of light may have a known polarization state. The region of the 

specimen may be a region of iSas specimen behag removed during the etch process. The method may also include 
detectmg at least a portion of the light returned from the illuminated region of the specimen during the etch process. 
The method may further include generating a signal responsive to &e detected light In addition, the method may 
include determining a change in a polarization state of the incident beam of light returned from the specimen. The 

30 change in the polarization state of the incident beam of Hght retumed from the specimen may vary depending on, 
for example, one or more characteristics of the specimen. In this mamier, the method may include determining one 
or more characteristics of a layer on the specmien using the one or more output signals. The characteristics may 
include, but are not limited to, a thickaess, an index of refraction, and an extinction coefBcient of die layer on the 
specimen, a critical dimension of a feature on the specimen, or any cornbination thereof. 

3S In additional embodiments, the method for £ibricating a semiconductor device may include steps of any of 

the embodiments as described herein. For example, the method may include altering a parameter of one or more 
instruments coi^led to the etch tool in response to one or more ou^ut signals from the measurement device. In Hm 
manner, the method may include altering a parameter of one or more instruments coupled to the etch tool using a 
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feedback control technique, an in situ control technique, and/or a feedforward control technique. In addition, the 
method may include altering a parameter of one or more instruments coupled to the measurement device in 
response to one or more output signals from the measurement device. For example, the me&od may include 
altering a sampling jQrequency of the measurement device in response to one or more output signals from the 
5 measurement device. 

Furthermore, Hie method may include obtaining a signature characteristic of an etch process. The 
signature may include at least one singularity representative of an endpoint of the etch process. An ent^oint of an 
etch process may be a predetermined thickness of a layer on the specimen. In addition, the predetermined thickness 
may be larger or snmller depending upon, for example, Hie semiconductor device being fabricated on the specimen. 

1 0 Subsequent to obtaining the singularity representative of the endpoint, the metiiod may include altering a 

parameter of one or more instruments coupled to the etch tool to reduce, and even terminate, the etch process. 

Fig. 25 illustrates an embodiment of a system configured to evaluate an ion implantation process. In an 
embodiment, a system configured to evaluate an ion implantation process may include measurement device 308 
coi^led to ion in^lanter 3 10. Measurement device 308 may be coupled to ion inq)lanter 310 such that 

1 S measurement device 308 may be external to the ion implanter. As such, exposure of the measurement device to 
chemical and physical conditions within the ion implanter may be reduced, and even eliminated. Furthermore, 
measurement device 308 may be externally coiq)led to ion inq>lanter 310 such that the measurement device does 
not alter the operation, performance, or control of Hie ion implantation process. For exanqile, an ion in^lanter 
process chamber may include relatively small sections of a substantially transparent material 3 12 disposed within 

20 walls of the process chamber. A configuration of an ion in^>lanter, however, may determine an appropriate method 
to couple the measurement device to the ion implanter. For exarr^le, the placement and dimensions of the 
substantially transparent material sections 312 within walls of the process chamber may vary depending on the 
configuration of the components within the process chamber. Examples of ion implanters are illustrated in U.S. 
Patent Nos. 4,578,589 to Aitken, 4,587,432 to Aitken, 4,733,091 to Robinson et al., 4,743,767 to Plumb et al., 

25 5,047,648 to Fishkin et al, 5,641,969 to Cooke et al., 5,886,355 to Bright et al., 5,920,076 to Burgin et al., 
6,060,715 to England et al, 6,093,625 to Wagner et al., 6,101,971 to Denhohn et al., and are incorporated by 
reference as if fully set fortii herein. 

In an alternative embodiment, measurement device 308 may be disposed in a measurement chamber, as 
described with respect to and shown in Fig. 16. The measurement chamber may be coi^led to ion in^lanter 310, 

30 as shown in Fig. 17. For example, the measurement chamber may be disposed laterally or vertically proximate one 
or more process chambers of ion implanter 310. In this manner, a robotic wafer handler of ion implanter 310, stage 
3 16, or another suitable mechanical device may be configured to move specimen 314 to and from the measurement 
chamber and process chambers of the ion implanter. In addition, tiie robotic wafer handler, the stage, or anotiier 
suitable mechanical device may be configured to move specimen 3 14 between process chambers of the ion 

3 5 implanter and the measurement chamber. Measurement device 308 may be further coupled to ion implanter 3 1 0 as 
fiirth^ described with respect to Fig. 17. 

Measurement device 308 may be configured to periodically direct an incident beam of light to specimen 
314 such that a region of the spechnen may be periodically excited prior to, during, and/or subsequent to ion 
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implantation. Measurement device 308 may also be configured to direct a san^le beam of light to the periodically 
excited region of specimen 3 14 prior to, during, and/or subsequent to ion implantation. In addition, measurement 
device 308 may be configured to measure an intensity of the san^le beam reflected from the periodically excited 
region of specimen 3 14 prior to, during, and/or subsequent to ion iniplantation. The small sections of substantially 
S transparent material 3 12 may transmit the incident and smplt beams fiom one or more illumioation systems 
outside the process chamber to a specimen within the process chamber and the reflected sait^le beam firom ^ 
specimen to a detection system outside the process chamber. The substantially transparent material 312 may have 
optical and/or material properties such that the beams may pass through the substantially transparent sections of the 
process chamber without undesirably altering the optical properties of the incident, sample, and reflected beam. In 

10 this manner, measurement device 308 may be coupled to stage 316 disposed within the process chamber and 
configured to support specimen 3 14. 

In an embodiment, measurement device 308 may include light source 318 such as an argon laser 
configured to emit an incident beam of light The light source may also be configured to generate electromagnetic 
radiation of other and/or multq)le wavelengths including X-rays, gamma rays, infixed light, ultraviolet light, 

1 5 visible light, microwaves, or radio-firequencies. Light source 318 may also include any energy source that may 
cause a localized heated area on a surface of specunen 314 sudi as a beam of electrons, protons, neutrons, ions, or 
molecules. Such an energy source may be disposed widiin Reprocess chamber of ion implanted In addition, 
light source 318 may also include any energy source configured to cause at least some electrons of the specimen in 
a valence band to be excited across the band gap to a conductor band hereby creating a plurality of electron-hole 

20 pairs called a plasma. Measurement device 308 may also include modulator 320, which may be configured to chop 
the incident beam emitted fi:om light source 318. The modulated incident light beam may be directed to specimen 
314 to periodically excite a region of the specimen. 

Measiurement device 308 may also iaclude additional light source 322 such as a helium neon laser 
configured to emit a sample beam of light The measurement device may fiulher include additional optical 

25 components such as dichroic noirror 324, polarizing beamsplitter 326, quarter wave plate 328, and focusing lens 
330 such as a microscopic objective. The additional optical components may be arranged within the measurement 
device such that the modulated incident beam and the sample beam may be directed to substantially the same 
region of the specimen. The additional optical components, however, may also be arranged within the 
measurement device such that the modulated incident beam and the sample beam may be directed to two 

30 overlapping but non-coaxial, or two laterally spaced, regions of the specimen. 

Measurement device 308 may also include a tracker (not shown) coupled to each of the light sources. The 
trackeis may be configured to control a position of the incident beam and the sample beam. For example, the 
trackers may be configured to alter a position of the incident beam with respect to a position of the sanople beam 
during an ion inq>lantation process. In addition, the trackers may be configured to control positions of the incident 

3 S beam and the saniple beam such that the beams may be directed to substantially different regions of the specimen 
during an ion implantation process. As such, the system may be configured to evaluate the ion in^lantation 
process at any number of positions on the specimen. The additional optical conq)onents may also be arranged 
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within the measurement device such that the saiiq)le beam reflected from the surface of the specimen may be 
directed to a detection system of die measurement device. 

In an embodiment, detection system 332 may inchide a conventional photodetector that may be configured 
to measure intensity variations of the reflected ssaaple beam. The intensity variations of tihe reflected san^le beam 
5 may vary depending on, for example, periodic reilectivify changes in the periodically excited region of spedmen 
314. In alternative embodiments, detection system 332 may include a conventional inteiferomet^^ In this manner, 
the reflected sample beam may be combined with a reference beam prior to striking the interfetometer. The 
reference beam may be a portion of the san^le beam and may be directed to the interferometer by partially 
transmissive mirror 326. Since the sample beam reflected from the specimen and the reference beam may not be in 

1 0 phase, interference patterns may develop in ttie combined beam. Intensity variations of the interference pattems 
may be detected by the interferometer. 

In additional embodiments, detection system 332 may include a split or bi-cell photodetector having a 
number of quadrants. Each quadrant of the photodetector may be configured to independently measure an intensity 
of the reflected san^le beam. In this manner, each quadrant may detect different intensities as die reflected sanq>le 

1 5 beam fluctuates across the surface of the photodetector. As such, the split photodetector may be configured to 
measure die extent of deflection of the reflected sample beam. For deflection measurements, tlie modulated 
incident beam and the sample beam may be directed to two overlapping but non-coaxial regions of the specimen as 
described above. Examples of modulated optical reflectance measurement devices are illustrated in U.S. Patent 
Nos. 4,579,463 to Rosencwaig et al., 4,750,822 to Rosencwaig et al, 4,854,710 to Opsal et al., and 5,978,074 to 

20 Opsal et al. and are incorporated by reference as if fully set forth herein. The embodiments described herein may 
also include features of the systems and methods illustrated in these patents. In addition, each of the detectors 
described above may be configured to generate one or more output signals responsive to tlie intensity variations of 
the reflected sanq)le beam. 

The intensity variations of die reflected sanqile beam may be altered by the inq)lantation of ions into the 

25 specimen. For example, during ion inq)lantation processes, and especially in processes using high dosage levels, a 
portion of the specimen may be damaged due to the in:^)lantation of ions into the specimen. A damaged portion of 
the specimen may, typically, include an upper crystalline damaged layer and an intenoediate layer of amorphous 
silicon. A lattice structure of the upper crystalline damaged layer may be substantially different than a lattice 
structure of the intermediate layer of amorphous silicon. The upper crystalline layer and the amorphous layer of 

30 silicon may, therefore, act as thermal and optical boundaries. For example, die two layers may have different 

periodic excitations due to differences in lattice structure. In addition, the different periodic excitations may cause 
the two layers to reflect the sample beam in a different manner. As such, the intensity variations of the reflected 
san]$>le beam may depend on a thickness and a lattice structure of the upper crystalline layer and die amorphous 
layer. 

35 The thickness of the upper crystalline layer and the amorphous layer may depend on a parameter of one or 

more instrument coupled to the ion hnplantst. A parameter of one or more instruments coupled to the ion 
irr^lanter may determine the process conditions of an ion implantation process. lostruments coupled to ion 
implanter may include, but are not limited to, gas supply 334, energy source 336, pressure valve 338, and 
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modulator 340. Damage in the upper crystalline layer may vary depending on, for example, electronic collisions 
between atoms of the silicon layer and &e implanted ions. Displacement damage, however, may not be produced if 
the ions entering the siHcon layer do not have enough energy per nuclear collision to displace silicon atoms &>m 
their lattice sites. In this manner, a thickness of die vtppcr ciystalline layer may vary depending upon, for example, 
5 implant eneigy. Increasing the dose of ions, and in particular heavy ions, may produce an amoxphous legion below 
the upper crystalline damaged layer in which the displaced atoms per unit vohnne may approach die atomic doisity 
of the semiconductor. As the implant dose of an ion miplantation process increases, a thickness of the amorphous 
layer may also inaease. in this manner, the intensity variations of the reflected sample beam may be dependent 
upon process conditions during inq)lantation including, but not limited to, the implant energy and dose. Therefore, 

10 processor 342 coupled to measurement device 308 may be configured to determine a parameter of an instrument 
coupled to ion implanter 3 10 from die measured intensity variations of the reflected sample beam prior to, during, 
and/or subsequent to ion implantation. Parameters of one or more instruments coupled to die ion implanter may 
define process conditions including, but not limited to, an implant energy, an implant dose, an implant species, an 
angle of implantation, and temperature. 

IS In an embodiment, processor 342 coupled to measurement device 308 may be configured to determine one 

or more characteristics of an iinplanted region of specimen 314 from one or more output signals from detection 
system 332 prior to, during, and/or subsequent to ion inq)lantation. The characteristics of an in:q)lanted region may 
include, but are lunited to, a presence of implanted ions in die specimen, a concentration of inq)lanted ions In the 
specimen, a depth of implanted ions in ibs specimen, a distnbatzon profile of in^lanted ions m the specimen, or 

20 any combination thereof. Subsequent to implantation, the specimen may be annealed to electrically activate 

implanted regions of the specimen. Characteristics of an electrically activated implanted region such as depth and 
distribution profile may depend upon thicknesses of the upper crystalline layer and the amorphous layer formed 
during implantation and process conditions of the anneal process. As such, characteristics of an electrically 
activated implanted region may be determined from the determined characteristics of the implanted region. In 

25 addition, processor 342 coupled to measurement device 308 xasiy be configured to determine a presence of defects 
such as foreign material on ^e specimen prior to, during, and/or subsequent to an implantation process from one or 
more output signals from detection system 332. 

in an additional embodiment, processor 342 may be coiqiled to measurement device 308 and ion inq}lanter 
3 10. The processor may be configured to intei&ce with the measurement device and the ion implmiex. For 

30 example, the processor may receive output signals from the ion in:q)lanter during an ion inq}lantation process that 
may be representative of a parameter of one or more instrument coupled to the ion implanter. The processor may 
also be configured to receive output signals from die detection system during an ion implantation process. • In an 
additional embodiment, the measurement device may be configured to measure variations in output signals fi^m 
the detection system during an ion implantation process. For example, the measurement device may be configured 

35 to detect the reflected sample beam substantially continuously or at predetermined time intervals during 

implantation. The processor may, therefore, be configured to receive output signals responsive to the detected light 
substantially continuously or at predetermined time intervals and to monitor variations in the one or more output 
signals during the ion implantation process. In this manner, processor 342 may be configured to determine a 
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relationship between tiie output signals responsive to the detected light and parameters of one or more instruments 
coupled to an ion implanter. As such, processor 342 may be configured to alter a parameter of one or more 
instruments in response to the determined relationship. In addition, processor 342 may be configured to determine 
a parameter of one or more instrum^ts using the relationship and ou^ut signals firom the measurement device. 
5 Furthermore, additional controH^ con^>uter 344 may be coupled to ion inq)lanter 310. Controller 

con^)uter 344 may be configured to alter a parameter of one or more mstruments coupled to the ion in^lanter. 
Processor 342 may also be coi^led to controller conq)ut6r 344. In this manner, controller computer 344 may be 
configured to alter a parameter of one or more instruments coupled to the ion inq)lanter in response to one or more 
output signals firom processor 342, which may be responsive to a determined parameter. In addition, controller 

1 0 computer 344 may monitor a parameter of one or more instruments coupled to the ion implanter and may send one 
or more output signals responsive to the monitored parameters to processor 342. 

Additionally, the processor may be further configured to control the measiurement device and the ion 
in^lanter. For example, the processor may be configured to alter a parameter of one or more instruments coupled 
to tiiie ion inoplanter in response to one or more output signals firom the measurement device. In this manner, the 

1 5 processor may be configured to alter a parameter of an instrument coupled to ttie ion inq)lanter using a feedback 
control technique, an in situ control technique, and/or a feedforward control technique. In addition, the processor 
may be configured to alter a parameter of an instirument coupled to Hie measurement device in response to ou^ut 
signals firom the measurement device. For exan^le, ttie processing device may be configured to alter a sampling 
fiiequency of the measurement device in response to output signals firom the measurement device. 

20 By analyzing the variations in output signals firom the measurement device during an ion implantation 

process, the processor may also generate a signature that may be representative of the implantation of the ions into 
the specimen. The signature may include at least one singularity that may be characteristic of an endpoint of &e 
ion implantation process. For exan^le, an appropriate endpoint for an ion implantation process may be a 
predetermined concentration of ions in the specimen. In addition, the predeteimined concentration of ions may be 

25 larger or smaller depending upon a semiconductor device being &bricated on the specimen. Afier the processor has 
detected the singularity of the signature, the processor may reduce, and even terminate, the iitq)lantation of ions into 
the specimen by altering a parameter of one or more instruments coupled to the ion implants. 

In an embodiment, the processor may be configured to determine appropriate process conditions for 
subsequent ion implantation processes of additional specimens using output signals from the measurement device. 

30 For example, a depth of implanted ions in the specimen may be determined using the output signals. The 
deteraiined depfli of an implanted region of the specimen may be less than a predetermined depth. The 
predetermined depth may vary depending on a semiconductor device being fabricated on the specimea Before 
processing additional specimens, a parameter of one or more instniments coupled to the ion implanter may be 
altered such that an implanted depth of the additional specimens may be closer to the predetemiined depth than the 

35 implanted depth of the measured specimen. For example, the implant energy of the ion implant process may be 
increased to drive the ions deeper into the additional specimens. In tiiis manner, the processor may be coiq)led to 
alter a parameter of one or more instruments coupled to an ion inq)lanter in response to output signals fix)m the 
measurement device using a feedback control technique. 
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In an additional embodiment, the processor may be configured to determine process conditions of 
additional semiconductor fabrication processes that may be performed subsequent to the ion implantation process 
using output signals fcom the measurement device. Additional semiconductor fabrication process may include, but 
are not limited to, a process to anneal implanted regions of the specimen. For exanq)le, a depth of an inq>IantBd 
S region of a specimen may be detennmed using the output signals. The detennined depth of the uiq>Ianted region of 
the specimen may be greater than a predetermined deptih. Current process conditions of a subsequent annealing 
process, however, may be optimized for the predetermined depth. Therefore, before annealing ike inq)lanted 
specimen, a process condition of the annealing process such as anneal tune or anneal temperature may be altered. 
For example, an anneal time may be increased to ensure substantially cotaplets reccystallizatxan of the amorphous 

1 0 layer formed in the specimen. In this manner, the processor may be configured to alter a parameter of one or more 
instruments coupled to an anneal tool in response to output signals &om the measurement device using a 
feedforward control technique. In addition, the processor may be further configured according to any of the 
embodiments as described herein. 

In an embodiment a method for detemmung a characteristic of a specimen prior to, during, and/or 

1 5 subsequent to an ion implantation process may include disposing the specimen upon a stage. The stage may be 
disposed vdthm a process chamber of an ion inq)lanter. The stage may also be configured according to any of the 
embodiments as described herein. A measurement device may be coupled to 1ke ion implanter as described herein. 
As such, the stage may be coupled to the measurement device. In addition, the measurement device may be 
configured as described herein. 

20 The method may include directing an incident beam of light to a region of the specimen to periodically 

excite a region of the specimen during the ion implantation process. The region of ^e specimen may be a region of 
the specimen being implanted during the ion implantation process. The method may also include directing a 
sample beam of light to the periodically excited region of the specimen during the ion hnplantation process. In 
addition, tiie method may include detecting at least a portion of the sample beam reflected fi:om die periodically 

25 excited region of the specunen during the ion uxq>lantation process. The method may further include generating 

one or more output signals m response to the detected light Furthermore, the me&od may include detennining one 
or more characteristics of the ixx^lanted region of the specimen using the one or more output signals. The 
characteristics of the implanted region may include, but are not limited to, a presence of implanted ions in the 
specimen, a concentration of implanted ions in the specimen, a depth of implanted ions in the specimen, a 

30 distribution profile of implanted ions in the specimen, or any combination &ereof. 

In additional embodiments, the method for determining a characteristic of a specimen during an ion 
implantation process may include steps of any of the embodiments described herein. For example, the method may 
include altering a parameter of one or more instruments coupled to the ion implanter in response to the one or more 
output signals. In this manner, the method may include altering a parameter of one or more instrument coupled to 

35 the ion unplanter using a feedback control technique, an m situ control technique, and/or a feedforward control 
technique. In addition, the method may include altering a parameter of one or more instruments coupled to the 
measurement device in response to the one or more output signals. For example, the method may include altenn^ a 
sarEipling frequency of the measurement device in response to the one or more output signals. 
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The method may further include obtaining a signature characterizing the inaplantation of the ions into a 
specimen. The signature may include at least one singularity representative of an endpoint of the ion implantation 
process. For example, an endpoint for an ion implantation process may be a predetermined concentration of ions. 
In addition, the predetermined concentration of ions may be larger or smaller depending upon a semiconductor 
S device being fabricated on the specimen. Subsequent to obtaining the singularity representative of the endpoint, the 
method may include altering a parameter of one or more instruments coupled to the ion in^lanter to reduce, and 
even terminate, the ion in^lantation process. 

In an embodiment, a computer-implemented method may be used to control a system configured to 
determine a characteristic of a specimen prior to, during, and/or subsequent to an ion implantation process. The 
1 0 system may include a measurement device coupled to an ion implanter as described herein. The method may 
include controlling the measurement device to measure modulated optical reflectance of a region of a specimen 
during the ion implantation process. For example, controlling the measurement device may include controlling a 
light source to direct an incident beam of light to a region of the specimen such that the region may be periodically 
excited during the ion implantation process. Controlling tiie measurement device may also include controlling an 
1 5 additional light source to direct a saix^>ie beam of light to die periodically excited region of the specimen durii^ the 
ion implantation process. 

In addition, controlling tiie measurement device may include controlling a detection system to detect at 
least a portion of the san^le beam reflected from the periodically excited region of the specimen during the ion 
implantation process. lu addition, the method may mclude generating one or more output signals in response to the 
20 detected light Furthermore, the method may include processing the one or more output signals to determine one or 
more characteristics of the implanted region of the specimen. The characteristics of the implanted region may 
include, but are not limited to, a presence of implanted ions iu the specimen, a concentration of implanted ions iu 
the specimen, a depth of implanted ions in the specimen, a distribution profile of implanted ions in the specimen, or 
any combination thereof. 

25 In additional embodiments, the computer-ini^lemrated method for controllizig a system to detemsine a 

characteristic of a specimen prior to, during, and/or subsequent to an ion inqilantation process may include steps of 
any of the embodiments described herein. For exainple, the method may include controlling an instrument coupled 
to the ion implanter to alter a parameter of the instrument in response to the one or more output signals. In this 
manner, the method may include controlling an instrument coupled to the ion implanter to alter a parameter of the 

30 instrument using a feedback control technique, an in situ control technique, and/or a feedforward control technique. 
In addition, the method may include controlling an instrument coupled to the measurement device to alter die 
parameter in response to the one or more output signals. For example, the method may include controlling an 
instrument coupled to the measurement device to alter a sampling frequency of the measurement device in response 
to the one or more output signals. Furthermore, the method may include controlling additional con^nents of the 

35 system. For example, the method may include controlling the trackeis to control lateral positions of die incident 

r 

beam and the sample beam witii respect to the specimen during use. In this manner, the method may include 
controlling die trackers to evaluate the ion implantation process at any number of positions on the specimen. 
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In an additional example, the method may include controlling the measurement device to obtain a 
signature characterizing the implantation of the ions into the specimen. The signature may include at least one 
singularity representative of an endpoint of the ion inq)lantation process. For example, an endpoint for an ion 
implantation process may be a predetermined cancentration of ions. The predetermined concentration of ions may 
S be larger or smaller depending upon, for example, a semiconductor device being fabricated on the specimen. 
Subsequent to obtaining the singularity representative of the enc^oint, the method may include controlling a 
parameter of an instrument coupled to the ion implanter to alter the parameter of tiie instrument thmby reducing, 
and even terminating, unplantation of ions into the specimen. 

An additional embodiment relates to a method for fabricating a semiconductor device that may include 

1 0 disposing a specimen upon a stage. The stage may be disposed within a process chamber of an ion implanter. The 
stage may be configured as described herein. A measurement device may also be coupled to the process chamber 
of the ion implanter. In this manner, the stage may also be coupled to the measurement device. The method may 
include forming a portion of the semiconductor device upon the specimen. For example, forming the portion of die 
semiconductor device may include implanting ions into the specimen. During an ion implantation process, 

1 5 typically, tiie entire wafer may be scanned with a beam of ions. A maskuig material may be arranged on the 

specimen to estpose predetermined regions of the specimen to in^lantation. For example, portions of the masking 
material may be removed using a lithography process and/or an etch process to ejqpose regions of the specimen to 
an inq>lantation process. The exposed regions may include regions of the specimen m which features of a 
semiconductor device are to be formed. Appropriate masking materials may include, but are not limited to, a resist^ 

20 a dielectric material such as silicon oxide, silicon nitride, and titanium nitride, a conductive material such as 
polycrystalline silicon, cobalt silicide, and titanium silicide, or any combination hereof. 

The method for fabricating a semiconductor device may also include directing an incident beam of light to 
a region of the specimen. The directed incident beam of light may periodically excite a region of the specimen 
during the ion m^lantation process. The region of the specimen may be a region of the specimen inq)lanted during 

25 the ion unplantation process. The method may also include directhig a sample beam of light to the periodically 

excited region of the specimen during the ion in^lantation process. In addition, the method may include detecting 
at least a portion of the sample beam reflected from the periodically excited region of the specimen during the ion 
implantation process. The method may also include generating one or more output signals in response to the 
detected light. Furthermore, the method may include determining one or more characteristics of the implanted 

30 region of the specimen using the one or more output signals. The characteristics of the implanted region may 
include, but are not limited to, a presence of implanted ions in the specimen, a concentration, a dq)th, and a 
distribution profUe of implanted ions in the specimen, or any combination thereof. 

la additional embodiments, the me&od for &bricating a semiconductor device may include steps of any of 
the embodiments described herein. For example, the method may include altering a parameter of an instrument 

35 coupled to the ion implanter in response to the one or more output signals. In this manner, the method may include 
altering a parameter of an instrument coupled to the ion implanter using a feedback control tedinique, an in situ 
control technique, and/or a feedforward control technique. In addition, die method may include altering a 
parameter of an instrument coupled to the measurement device in response to the one or more ou^ut signals. For 
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example, the method may include altering a sampling frequency of the measurement device in response to the one 
or more output signals. 

Furthermore, the method may include obtaining a signature characteristic of the implantation of the ions 
mto the specimen. The signature may include at least one singularity representative of an end^oint of the ion 
5 in^Iantation process. For example, an endpoint for an ion implantation process may be a predetermined 

concentration of ions. In addition, the predetennined concentration of ions may be lax^ger or smaller depending 
upon a semiconductor device bemg &bricated on the ^chnen. Subsequent to obtaining the smgularily 
representative of the enc^oint, the method may mclude altering a parameter of an instrument coupled to the ion 
inqslanter to reduce, and even terminate, the in^)lantation of ions into the specimen. 

10 Fig. 26 illustrates an embodiment of a system configured to determine at least one characteristic of micro 

defects on a surface of a specimen. In an embodiment, such a system may include measurement device 346 
coupled to process tool 348. Process tool 348 may be configured as a process chamber of a semiconductor 
fabrication process tool or a semiconductor febrication process tool. In this manner, process tool 348 may be 
configured to perform a step of a semiconductor fabrication process such as lithography, etch, ion inplantation, 

1 5 chemical-mechanical polishing, plating, chemical vapor deposition, physical vq)or deposition, and cleaning. For 
example, as shown in Fig. 26, process tool 348 may include a resist apply chamber of a process tool or a develop 
chamber of a process tool. As such, process tool 348 may be configured to &bricate a portion of a semiconductor 
device on specimen. 

Measurement device 346 may be coupled to process tool 348 such that the measurement device may be 

20 external to the process tool. As such, exposure of the measurement device to chemical and physical conditions 
within the process tool may be reduced, and even eliminated. Furthermore, the measurement device may be 
extemally coupled to the process tool such that the measurement device may not alter the operation, performance, 
or control of the process. For example, a process tool may include one or more relatively snmll sections of a 
substantially transparent material 350 disposed within walls of the process tool. The configuration of process tool 

25 348, however, may determine an appropriate method to couple measurement device 346 to the process tool. For 
example, the placement and dimensions of the substantially transparent material sections 350 within the walls of the 
process tool may be depend on the configuration of the conq)onents within the process tool. 

In an alternative embodiment, measurement device 346 may be disposed in a measurement chamber, as 
described with respect to and shown in Fig. 16. The measurement chamber may be coupled to process tool 348, as 

30 shown in Fig. 1 7. For example, the measurement chamber may be disposed laterally or vertically proximate one or 
more process chambers of process tool 348. In this manner, a robotic wafer handler of process tool 348, stage 354, 
or another suitable mechanical device may be configured to move specimen 352 to and firom the measurement 
chamber and process chambers of the process tool. In addition, the robotic wafer handler, the stage, or another 
suitable mechanical device may be configured to move spedmen 352 between process chambers of tiie process tool 

35 and the measurement chamber. Measurement device 346 may be further coupled to process tool 348 as further 
described with respect to Fig. 17. 

In an embodiment, stage 354 may be disposed withm process tool 348. Stage 354 may be configured to 
support specimen 352 during a process. In addition, stage 354 may also be configured accordmg to any of the 
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embodiments described herein. For example, the stage may include a motorized stage that may be configured to 
rotate in a direction indicated by vector 356. niumination system 358 of measurement device 346 noay be 
configured to direct light toward a surface of specimen 352. In addition, illumination system 358 may be 
configured to direct light toward a surface of the specimen during a process such as fabrication of a portion of a 
S semiconductor device and during rotation of the stage. In addition, a detection system of measurement device 346 
may include a first detector 360 and a second detector 362. Detectors 360 and 362 may be configured to detect 
light propagating from the surface of die specimen during a process such as fabrication of a portion of the 
semiconductor device and during rotation of the stage. 

As shown in Fig. 26, first detector 360 may be configured to detect dark field light propagating along a 

1 0 dark field path from die surface of specimen 352. In addition, second detector 362 may be configured to detect 
bright field light propagating along a bright field path fix)m the surface of specimen 352. In this manner, light 
detected by the measurement device may include dark field light propagating along a dark field path from the 
surface of the specimen and bright field light propagating along a bright field path firom the surface of die 
specimen. In addition, the detectors may be configured to substantially simultaneously detect ligfht propagating 

1 S from a surface of the specimen. 

Furthemaore, detected light may include dark field light propagator along multiple dark field paths from 
the surface of the specimen. For example, as shown in Fig. 27, a detection system of measurement device 365 may 
include a pluraUty of detectors 366. The plurality of detectors may be positioned with respect to light source 368 
such that each of the plurality of detectors may detect dark field light propagating from the surface of the specimen. 

20 In addition, the plurality of detectors may be arranged at a different radial and vertical positions with respect to 

light source 368. A system that includes measurement device 365 may be commonly referred to as a **pbcel-based" 
inspection system. £xan:q)les of pixel-based mspection systems are illustrated in U.S. Patent Nos. 5,887,085 to 
Otsuka, and 6,081,325 to Leslie ct al., and PCX Application No. WO 00/02037 to Smilansky et al, and are 
incorporated by reference as if fully set forth herein. An example of an optical inspection method and apparatus 

25 utilizing a variable angle design is illustrated in PCX Application No. WO 00/77500 Al to Golberg et aL, and is 
incorporated by reference as if fully set forth herein. 

As shown in Fig. 27, measurement device 365 may be further configured to direct light to multiple 
surfaces of specimen 370, which may be disposed upon a stage (not shown). The stage may be configured to move 
laterally and/or rotatably with respect to measurement device 365 as described herein. For example, the stage may 

30 be configured to move laterally while Ught from Ught source 368 may be configured to scan across the specimen in 
a direction substantially parallel to a radius of the specimen. Alternatively, die stage may be configured to move in 
two linear directions, which may be substantially ortiiogonal to one another, and optical components of 
measurement device 365 may be substantially stationary. The configuration of the stage witii relation to the optical 
components of the measurement device may vary, however, depending upon, for exanq)le, space and mechanical 

35 constraints witiiin the system. Light source 368 of measurement device may include any of the li^t sources as 
described herein. In addition, fiber optic cable 372 or another suitable light cable may be coi^led to light somrce 
368 and illumination system 374 positioned below specimen 370. In this manner, die measurement device may be 
configured to direct light to multiple surfaces of a specimen. In an alternative embodiment, measurement device 
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365 niay include at least two light sources. Each of the plurality of light sources may be configured to direct light 
to a different surface of the specimen. 

Measurement device 365 may also include detector 376 coupled to illumination system 374. As shown in 
Fig. 27, detector 376 may be positioned with respect to ilhmiination system 374 such that the detector may detect 
5 dark field light propagating along a daxk field path. In an alternative eazbodimen^ however, detsctor 375 may be 
positioned with respect to illumination 374 such &at the detector may detect bright field light propagating along a 
bright field path. Measurement device 346 and measurement device 365 may be further configured as according to 
any of the embodino^ts described herein. 

The measurement device may be further configured according to any of the embodiments described 
1 0 herein. In addition, the system may inchide an additional measurement device. The additional measurement device 
may include any of the measurement device as described herein. 

In an embodiment, processor 364 coupled to measurement device 346 may be configured to determine one 
or more characteristics of defects on a surface of specimen 352, as shown in Fig. 26. In addition, processor 378 
coupled to measurement device 365 may be configured to determine one or more characteristics of defects on one 
15 or more surfaces of specunen 370. Processor 364 and processor 378 may be similarly configured. For example, 
processors 364 and 378 may be configured to receive one or more output signals from detectors 360 and 362 or 

366 and 376, respectively, in response to light detected by the detectors. In addition, both processors may be 
configured to determine at least one characteristic of defects on at least one surface of a specimen. The defects may 
include macro defects and/or micro defects. For example, processor 264 and processor 378 may be configured to 

20 determine at least one characteristics of macro defects on a fi:ont side and a back side of a specimen. In addition, 
one or more characteristics of defects may include, but are not limited to, a presence of defects on a surface of 
specimen, a type of defects on a surface of a specimen, a number of defects on a surface of a specimen, and a 
location of defects on a sur&ce of a specimen. In addition, processor 364 and processor 378 may be configured 
one or more characteristics of defects substantially simultaneously or sequentially. In this manner, furdier ' 

25 description of processor 364 may be applied equally to processor 378. 

In an additional embodiment, processor 364 may be coupled to measurement device 346 and process tool 
348. The process tool may include, for example, a wafer cleanmg tool such as a wet or dry cleaning tool, a laser 
cleanmg tool, or a shock wave particle removal tool. An exan[Q)le of a laser cleaning tool is ilhistrated m 
"Chemically Assisted Laser Removal of Photoresist and Particles from Semiconductor Wafers," by Genut et al. of 

3 0 Oramir Semiconductor Equipment Ltd, Israel, presented at the 28* Annual Meeting of the Fine Particle Society, 
April 1-3, 1998, which are mcoiporatedbyrcference as iffully set forth herein. An example of a shock wave 
particle removal method and apparatus is illustrated m U.S. Patent No. 5,023,424 to Vaught, which is incorporated 
by reference as if fully set forth herem. Processor 364 may be configured to mteiface witii measurement device 
346 and process tool 348. For exanq)le, processor 364 may receive one or miore output signals fiom process tool 

35 348 during a process that may be responsive to a parameter of an instrument coupled to the process tool. Processor 
364 may also be configured to receive one or more output signals from measurement device 346, which may be 
responsive to light detected by detector 360 and detector 362 as described herein. 
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In an additional embodiment, the measurement device may be configured to detect light returned &om the 
specimen during a process, as described herein. For example, the measurement device may be configured to detect 
light propagating from the specimen substantially continuously or at predetermined time intervals during a process. 
The processor may, therefore, receive output signals &om the measurement device in response to the detected light 
5 and may monitor variations in fiie output signals during a process. In fliis mamier, processor 364 may be 
configured to determine a relationship between the output signals and a parameter of one or more instruments 
coupled to process tool 348. As such, processor 364 may be configured to alter a parameter of an instrument 
coupled to the process tool in response to the determined relationsh^. In addition, the processor may be configured 
to determine a parameter of an instrument coupled to the process tool using the relationship and one or more ou^ut 
1 0 signals from the measurement device. 

Additionally, processor 364 may be further configured to control measurement device 346 and process 
tool 348. For example, the processor may be configured to alter a parameter of one or more instruments coupled to 
the process tool in response to output signals from the measurement device. In this manner, the processor may be 
configured to alter a parameter of one or more instruments coupled to the process tool using a feedback control 
1 5 technique, an in situ control technique, and/or a feedforward control technique. In addition, the processor may be 
configured to alter a parameter of an instrument coupled to the measurement device in response to one or more 
ou^ut signals from the measurement device. For example, the processor may be configured to alter a saiiq;)ling 
frequency of the measurement device in response to the output signals. 

By analyzing the variations m the output signals from the measurement device during a process, the 
20 processor may also generate a signature that may be characteristic of die process. The signature may include at 
least one singularity that may be characteristic of an endpoint of the process. For example, an endpoint for a 
process n:iay be a predetermined thickness of a layer. A predeteimiued thickness of a layer on the specimen may be 
larger or smaller depending upon, for example, a semiconductor device being fabricated on the specimen. After 
detecting the singularity, the processor may reduce, and even terminate, processmg of the specimen by altering a 
25 parameter of one or more instnnnents coupled to the process tooL 

In an embodiment, the processor may be configured to determine parameters of one or more instcuments 
coupled to the process tool for processing of additional specimens using output signals from the measurement 
device. For example, a thickness of a layer on the specimen may be determined using ou^ut signals from the 
measurement device. The thickness of the layer on the specimen may be greater than a predetermined thickness. 
30 The predetemiined thickness may vary depending on, for example, a semiconductor device being fabricated one the 
specimen. Before processing additional specimens, a parameter of one or more instruments coupled to the process 
tool may be altered such that a thickness of a layer on the additional specunens may be closer to flie predetermined 
thickness than a thickness of the layer on the measured specimen. For example, the radio frequency power of an 
etch process may be increased to etch a greater thickness of the layer on the specimen. In this manner, the 
3 S processor may be used to alter a parameter of one or more instruments coupled to a process tool in response to 
output signals from the measurement device using a feedback control technique. 

In an additional embodiment, the processor may be configured to determine process conditions of 
additional semiconductor fabrication processes using ou^ut signals from the measurement device. For example. 
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the processor may be conjBgured to alter a parameter of an instrument coupled to a stripping tool in response to 
output signals from the measurement de\rice using a feedforward control technique. In addition, the processor may 
he further configured according to the embodiments described herein. 

Jn an embodiment; a method for determioing a characteristic of a spechnen during a process may mclude 
S disposing specimen 352 upon stage 354. Stage354may be disposed within process tool 348. The stage may also 
be configured according to any of &e embodiments described herein. Measurement device 346 may be coupled to 
process tool 348 as described herein. As such, stage 354 may be coupled to measurement device 346. In addition, 
measurement device 346 may be configured as described herein. The metiiod may include directing light to a 
surface of the specimen during a process. In addition, the metkod may include detectiDg light returned fcom the 

10 surface of the specimen diiring a process. The method may also include generating one or more output signals in 
response to the detected light. In this manner, the method may include determining a characteristic of the specimen 
being processed using the one or more output signals. The characteristic may include a presence, a number, a 
location, and a type of defects on at least one surface of the specimen, or any combmation thereof. 

In additional embodiments, the method for determining a characteristic of a specimen during a process 

1 5 may include steps of any of the embodunents described herem. For exanqile, &e method may include altering a 
parameter of an instrument coupled to the process tool in response to &e one or more output signals. In this 
manner, tiie method may udclude altering a parameter of an mstnunent coupled to the process tool using a feedback 
control technique, an in situ control technique, and/or a feedforward control technique. In addition, the method 
may include altering a parameter of an instrument coupled to the measurement device in response to the one or 

20 more output signals. For example, the method may include altering a sampling frequency of the measurement 
device in response to the one or more output signals. Furthermore, the method may include obtaining a signature 
characteristic of tiie process. The signature may include at least one singularity representative of an endpoint of the 
process. Subsequent to obtaimng the singularity representative of tiie endpoint, the me^od may include altering a 
parameter of one or more instruments coupled to the process tool to reduce, and even terminate, the process. 

25 In an embodiment, a computer-implemented method may be used to control a system configured to 

determine a characteristic of a specimen durmg a process. The system may include a measurement device coupled 
to a process tool as described herein. The method may include controlling the measurement device to detect light 
returned from a surface of a specimen dining a process. For example, controlling the measurement device may 
include controlling a light source to direct light to a surface of the specimen during the process. In addition, 

30 controlling the measurement device may iaclude controlling a detector configured to detect light returned from the 
surface of the specimen during the process. Hie me&od may also iaclude generating one or more output signals in 
response to the detected light. Furthermore, the method may include processing the one or more output signals to 
determine at least one characteristic of defects on at least one surface of the specimen using the one or more output 
signals. The characteristics may also include any of the characteristics described herein. 

35 In additional embodiments, the computer>-in^lemented xnethod for controlling a system to determine a 

characteristic of a specimen during a process may include any steps of tiie embodiments described herein. For 
example, the method may include controlling one or more instruments coupled to the process tool to alter a 
parameter of the instruments in response to the one or more output signals. In this manner, the method may include 
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controlling one or more instruments coupled to the process tool to alter a parameter of the instrument using a 
feedback control technique, an in situ control technique, and/or a feedforward control technique. In addition, ^e 
method n:iay include controlling an instrument coupled to the measurement device to alter the parameter in response 
to ttie one or more ou^ut signals. For exan^le, the method may include controlling an instrument coupled to the 
5 measurement device to alter a sampling fiequeacy of die msasarewsnt device in response to &e one or more output 
signals. 

In an additional example, the method may mclude controlling the measurement device to obtain a 
signature characteristic of the process. The signature may include at least one singularity representative of an 
endpoint of the process. Subsequent to obtaining the singularity representative of the endpoint, the metod may 

1 0 include controlling a parameter of one or more instruments coupled to the process tool to alter a parameter of an 
instrument to reduce, and even stop, the process. 

An additional embodiment relates to a method for fabricating a semiconductor device, which may include 
disposmg a specimen upon a stage. The stage may be disposed within a process tool. The stage may be configured 
as described herein. A measurement device may also be coupled to die process tool In this manner, the stage may 

IS be coupled to die measurement device. The method may further include forming a portion of a semiconductor 
device upon the specimen. For example, forming a portion of a semiconductor device may include perfoiming at 
least a step of a semiconductor fabrication process on tiie specimen. The method for fabricating a semiconductor 
device may also include directing light to a surface of the specimen. The method may further include detecting 
light returned fi:om the surface of the specimen during the process. In addition, tiie method may include generating 

20 one or more output signals in response to the detected light. Furthermore, the method may include detennining at 
least one characteristic of the specimen from the one or more output signals. The characteristic may include a 
presence, a number, a type, or a location of defects on at least one sur&ce of the specimen, or any combination 
thereof. 

In additional embodiments, die method for fabricating a semiconductor device may include any steps of 
25 the embodiments described herein. For example, the method may include altering a parameter of one or more 
instruments coupled to the process tool in response to the one or more ou^ut signals. In this manner, the method 
may include altering a parameter of one or more instruments coupled to die process tool using a feedback control 
technique, an in situ control technique, and/or a feedforward control technique. In addition, the method may 
include altering a parameter of one or more instruments coupled to die measurement device in response to the one 
30 or more output signals. For example, the method may include altering a sampling frequency of the measurement 
device in response to the one or more output signals. Furthermore, the method may include obtaining a signature 
characteristic of the process. The signature may mclude at least one singularity representative of an endpoint of the 
process. iSubsequ^t to obtaining the singularity representative of the endpoint, the method may include altering a 
parameter of one or more instruments coi^led to die process tool to reduce, and even terminate, the process. 
35 In an embodiment, each of the systems describe above may be coi^)led to an energy dispersive X-ray 

spectroscopy f'EDS") device. Such a device may be configured to durect a beam of electrons to a surface of the 
specimen. The specimen may emit secondary electrons and a characteristic X-ray in response to the directed beam 
of electrons. The secondary electrons may be detected by a secondary electron detector and may be converted to 
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electrical signals. The electrical signals may be used for brightness modulation or amplitude modulation of an 
image of the specimen produced by die system. The characteristic X-ray may be detected by a semiconductor X- 
ray detector and may be subjected to energy analysis. The X-ray spectrum may be analyzed to determine a 
composition of material on the specimen such as defects on a sur&ce of the specimerL Bxamiples of EDS systems 
5 and methods are illustrated in U.S. Patent Nos. 4,559,450 to Robinson et al., 6,072, 178 to Mizuno, and 6,084,679 to 
Steffan et al, and are incorporated by reference as if fully set forth herein. 



Further Improvements 

In an embodiment, each of the systems, as described herein, may be used to reduce, and even to minimize, 

1 0 within wafer (**WIW") variability of critical metrics of a process such as a lithography process. For example, 

critical metrics of a lithography process may include a property such as, but are not limited to, critical dimensions 
of features formed by the lithography process and overlay misregistration. Critical metrics of a process, however, 
may also include any of tiie properties as described herein including, but not limited to, a presence of defects on the 
specimen, a thin film characteristic of the specimen, a flatness measurement of the specimen, an in^lant 

1 5 characteristic of tiie specimen, an adhesion characteristic of the specimen, a concentration of an elements m the 
specimen. Such systems, as described herein, may be configured to determine at least one property of a specimen 
at more than one position on the specimen. For example, tiie measurement device may be configured to measure at 
least the one property of tiie specimen at multiple positions within a field and/or at multiple positions within at least 
two fields on the specimen. The measured property may be sent to a processor, or a within wafer film processor. 

20 The processor may be coupled to the measurement device and may be configured as described herein. 

In addition, because at least one property of the specimen may be measured at various positions across the 
specimen, at least one property may be determined for each of the various positions. As such, a parameter of one or 
more instruments coupled to a tool or a process chamber of a process tool may also be altered, as described above, 
indq>endently fiom field to field on the specimen. For example, many exposure process tools may be configured 

25 such that the exposure dose and focus conditions of the expose process may be varied across the specimen, i.e., 

from field to field. In this manner, process conditions such as e?qx)sure dose and/or post exposure bake temperature 
may vary across the specimen in subsequent processes in response to variations in at least one measured property 
from field to field across the specimen. The e?q)osure dose and focus conditions may be determined and/or altered 
as described herein using a feedback or feedforward control technique. In this manner, critical metrics of a process 

30 such as a lithography process may be substantially uniform across the specimen. 

In an addition, a temperature of the post exposure bake plate may be altered across the bake plate by using 
a number of discrete secondary heating elements disposed within a primary heating element Secondary heating 
elements may be independentiy controlled. As such, a temperature profile across a specimen during a post 
exposure bake process may be altered such that individual fields on a specimen may be heated at substantially the 

35 same tenq)erature or at individually determined tenq)eratures. A pressure of a plating head of a chemical 

mechanical polishing tool may be similarly altered across tiie plate head in reqsonse to at least the two properties 
determined at multiple locations on the specimen. 
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In addition, at least tke one parameter of a process chamber may be altered such tiiat a first portion of a 
specimen may be processed wifii a jQist set of process conditions during a step of the process and such that a second 
portion of die specimen may be processed with a second set of process conditions during the step. For example, 
each portion of the specimen may be a field of the specimen. In this manner, each field of the specimen may be 
5 subjected to a differ^t process conditions such as, but not limited to, e?q>osure dose and focus conditions and post 
e3q}osure bake temperatures. As such, because each field of a specimen may be subjected to process conditions tibat 
may vary depending upon a measured property of the specimen, within wafer variations in critical metrics of die 
process may be substantially reduced, or even minimized. 

It is to be understood that all of the measurements described above may be used to alter a parameter of a 
10 process chamber using a feedback, a feedforward, or in situ process control technique. In addition, within wafer 
variations of critical metrics of a process such as a lithography process may be fiirther reduced by using a 
combination of the above techniques. 

A system configured to evaluate and control a process using field level analysis as described above may 
provide dramiatic in^rovements over curr^t process control methods. Measuring within wafer variability of 
1 5 critical metrics, or critical dimensions, may provide tighter control of the critical dimension distribution. In 
addition to inf^roving the manufacturing yield, tiierefore, the method described above may also enable a 
manufecturing process to locate the distribution performance of manufactured devices closer to a higher 
performance level As such, the high margin product yield may also be improved by using such a method to 
evaluate and control a process. Furthermore, additional variations in the process laay also be minimized. For 
20 example, a process may use two different, but substantially similarly configured process chambers, to process one 
lot of specimens. Two process chambers may be used to perform the same process such that two specimens may be 
processed simultaneously in order to reduce the overall processing time. Therefore, the above method may be used 
to evaluate and control each process chamber separately. As such, the overall process spread may also be reduced 
Data gathered using a system, as described herein, may be analyzed, organized and displayed by any 
25 suitable means. For example, the data may be grouped across the specimen as a continuous function of radius, 
burned by radial range, binned by stepper field, by x-y position (or range of x-y positions, such as on a grid), by 
nearest die, and/or other suitable methods. The variation in data may be reported by standard deviation firom a 
mean value, a range of values, and/or any other suitable statistical metiiod. 

The extent of die within wafer variation (such as the range, standard deviation, and the like) may be 
30 analyzed as a function of specimen, lot and/or process conditions. For example, the within wafer standard 

deviation of die measured CD may be analyzed for variation from lot to lot, wafer to wafer, and the like. It may 
also be grouped, reported and/or analyzed as a function of variation m one or more process conditions, such as 
develop time, photolithographic exposure conditions, resist thickness, post exposure bake time and/or temperature, 
pre-e?q>osure bake time and/or temperature, and the like. It may also or instead be groiq>ed, reported and/or 
35 analyzed as a function of wi^iin wafer variation in one or more of such processing conditions. 

Data gathered using a systein, as described herein, may be used not just to better control process 
conditions, but also where desirable to better control in situ endpointing and/or process control techniques. For 
exan^le, such data may be used in conjunction with an apparatus such as that set fordi in U.S Patent No. 5,689,614 
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to Gronet et al. and/or Published European Patent Application No. EP 1 066 925 A2, which are incoiporated by 
reference as if fully set forth herein, to improve tile control over localized heating of tiie substrate or closed loop 
control algorithms. Within wafer variation data may be fed forward or back to such a tool to optimize the 
algorithms used in control of local specimen heating or polishing, or even to optimize the tool design. In another 
S example of such localized process control, within wafer variation data may be used to control or optimize a process 
or tool such as diat set forth in one or more of Published PCX Patent Applications No. WO 99/41434 or WO 
99/25004 and/or Published European Patent Application No 1065567 A2, which are hereby incorporated by 
reference as if fully set forth herein. Again, within wafer variation data taken, for example, from stand alone and/or 
integtated measurement tools, may be used to better control and/or optimize the algorithms, process parameters and 
1 0 integrated process control apparatuses and methods in such tools or processes. Data regarding metal thickness and 
its witiiin wafer variation may be derived from an x-ray reflectance tool such as that disclosed in US Patent No. 
5,619,548 and/or Pubhshed PCX Application No. WO 01/09566, which are hereby incorporated by reference as if 
fahy set forth herein, by eddy current measurements, by e-beam induced x-ray analysis, or by any other suitable 
method. 

15 As ^own in Fig. 9, an embodiment of system 70 may have a plurality of measurement devices. Each of 

the measurement devices may be configured as described herein. As described above, each of the measurement 
devices may be configured to detesrmine a different property of a specimen. As such, system 70 may be configured 
to determine at least four properties of a specimen. For example, measurement device 72 may be coniSgured to 
determine a critical dimension of a specimen. In addition, measurement device 74 may be configured to determine 

20 overlay misregistration of the specimen. In an alternative embodiment, measurement device 76 may be configured 
to determine a presence of defects such as macro defects on the specimen. In addition, measurement device 76 may 
be configured to detennine a number, a location, and/or a type of defects on the specimen. Furthermore, 
measurement device 78 may be configured as to determine one or more thin fihn characteristics of the specim^ 
and/or a layer on the specimen. Exan^les of tiun fihn characteristics mclude, but are not limited to, a tiiickness, an 

25 index of refiaction, and an extinction coef&dent In addMon^ each of the measurement devices may be configured 
to determine two or more properties of a specimen. For example, measurement device 72 may be configured to 
detennine a critical dimension and a thin film characteristic of a specimen substantially simultaneously or 
sequentially. In addition, measurement device 72 may be configured to determine a presence of defects on the 
specimen. As such, system 70 may be configured to deteraodne at least four properties of the specimen 

30 simultaneously or sequentially. 

System 70 may be ananged as a cluster tool. An exanq)le of a configuration of a cluster tool is illustrated 
in Fig. 14. For 6xanq>le, each of the measurement device described herein may be disposed in a measurement 
charnber. Each of the measurement chamber may be disposed proximate one another and/or coupled to each other. 
In addition, system 70 may include a wafer handler. The wafer handler may include any mechanical device as 

35 described herein. Hie system may be configured to receive a plurality of specimen to be measured and/or inspected 
such as a cassette of wafers. The wafer handler may be configured to remove a specimen from the cassette prior to 
measurement and/or inspection and to dispose a specimen into the cassette subsequent to measurement and/or 
inspection. The wafer handler may also be configured to dispose a specimen within each measurement chamber 
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and to remove a specimen firom each measurement chamber. In addition, the system may include a plurality of 
such wafer handlers. The system may be further configured as described with reference to Fig. 14. In addition, the 
system may be configured as a stand-alone metrology and/or inspection system. In this manner, tiie system may 
not be coupled to a process tool. Such a system may provide advantages over a similarly configured integrated 
S tool. For example, such a system may be designed to be &ster and Chester &an a similarly configured integrated 
tool because there muay be less physical and mechanical constraints for a stand-alone system versus an integrated 
system. System 70 may be further configured as described herein. 

In an embodiment, a system may be configured to determine at least two properties of a spechnen 
including a Aickness of a layer formed on the spechnen and at least one additional property such as an index of 

10 refraction, a velocity of sound, a density, and a critical dimension, which may inchide a profile, of a layer or a 
feature formed upon the specimen. The specimen may include a structure such as single layer or multq)le layers 
fomied upon the specimen. In addition, the single layer or multiple layers formed on the specimen may include, 
but are not Imdtsd to, any combination of substantially transparent, semi-transparent, and opaque metal films. The 
specimen may also be a blanket wafer or a patterned wafer. As used herein, the tenn, "blanket wafer," generally 

1 5 refers to a wafer having at least an upper layer that may not have been subjected to a lithography process. In 

contrast, as used herem, the term, 'patterned wafer,*' generally refers to a wafo having at least an i^er layer that 
may be pattemed by, for exanple, a lithography process and/or an etch process. 

The system may be configured as described herein. For example, &e system may mclude a processor 
coupled to two or more measurement devices. The processor may be configured to determine at least a thickness of 

20 the specimen and/or a layer on the specimen and at least one additional property of the specimen and/or a layer on 
the specimen from one or more output signals generated by the measurement devices. In addition, the processor 
may be configured to determine other properties of the specimen from die one or more output signals. In an 
embodiment the measurement device may include, but is not limited to, a small-spot photo-acoustic device, a 
grazing X-ray reflectometer, and a broadband small-spot spectroscopic ellipsometer. Exan^les of photo-acoustic 

25 devices are illustrated in U.S. Patent Nos, 4,710,030 to Tauc et al., 5,748,3 18 to Maris et aL, 5,844,684 to Maris et 
aL, 5,684,393 to Maris, 5,959,735 to Maris et al., 6,008,906 to Maris, 6,025,918 to Maris, 6,175,416 to Maris et aL, 
6,191,855 to Maris, 6,208,418 to Maris, 6,208,421 to Maris et al., and 6,21 1.961 to Maris, which are incorporated 
by reference as if fully set forth herein. The system may also include a pattern recognition system that may be used 
in conjunction with the above devices. 

30 In this manner, the measurement device may be configured to function as a siagle measurement device or 

as multiple measurement devices. Because multiple measurement devices may be integrated into a single 
measurement device of the system, at least oaie element of a first measurement device, for example, may also be at 
least one element of a second measurement device. In addition, it may be advantageous for additional elements 
such a handling robots, stages, processor, and power supplies of a first measurement device to be used by a second 

35 measurement device. The system may also include an autofocus mechanism that may be configured to bring a 
specimen substantially into focus (i.e., to approxnnately a correct height) for a first measurement device, and then 
for a second measurement device. An example of an autofocus mechanism is shown in Fig. 1 lb, as autofocus 
sensor 124. An additional example of an autofocusmg apparatus is illustrated in U.S. Patent No. 6^72,349 to Katz 
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et al., which is incorporated by reference as if fully set forth herein. The system, the measurement device, and the 
processor roay be further configured as described herein. 

Appropriate combinations of devices included in the measurement device may include, for example, a 
small-spot photo-acoustic device and a grazing X-ray reflectometer or a small-spot photo-acoustic device and a 
5 broadband small-spot spectn)scqpic ellxpsometer. For example, a photo-acoustic device may provide 

measmments of layers having ^ckness of less than about a few hundred angstroms while a giazmg X-ray 
reflectometer may provided measurements of layers having thicknesses in a range from about 50 angstroms to 
about 1000 angstroms. Ellipsometric techniques, especially broadband elhpsometry, may provide measurements of 
metal and sexni-metallic layers having thicknesses of less than about 500 angstroms because at such thicknesses 
1 0 even metal may allow some light to pass through the layer. In addition, ellipsometric techniques may also provide 
measurements of transparent layers having thicknesses from about 0 angstroms to a few microns. As such, a 
system, as described herein, may provide measurements of layers having a broad range of thicknesses and 
materials. 

In addition, such a system may be coupled to a chemical-mechanical polishing tool as described herein. 

1 5 Furthermore, the system may be coupled to or arranged proximate a chemical-mechanical polishing tool such that 
the system may determine at least two properties of a specimen, a layer of a specimen, and/or a feature formed on 
the specimen subsequent to a chemical-mechanical polishing process. For example, a feature formed on the 
specimen may include a relatively wide metal tine. Such a relatively wide metal line may include, for example, a 
test structure formed on the specimen. In this manner, one or more of the determined properties of the test structure 

20 may be correlated (experimentally or theoretically) to one or more properties of a feature such as a device structure 
formed on the specimen. In addition, at least a portion of the specimen may include an exposed dielectric layer. 
Alternatively, the system may be coupled to any other process tools as described herein. 

An appropriate spectroscopic ellipsometer may include a broadband light source, which may mclude one 
or a combination of light sources such as a xenon arc lamp, a quariz^halogen hmp, or a deuterium hasp. The 

25 ellipsometer may have a relatively high angle of incidence. For example, the angle of incidence may range &om 
approximately 40 degrees to approximately 80 degrees, to the normal to the surfeoe of the specimen. The 
spectroscopic ellipsometer may include an array detector such as a silicon photodiode array or a CCD array, which 
may be back thinned. 

It may also be advantageous for the spectroscopic ellipsometer to include one or more fiber optic elements. 

30 For example, a first fiber optic element may be configured to transmit light from Ihe light source to a first 

polarizing element For example, such a fiber may ensure that the light is randomly polarized or depolarized. The 
spectroscopic ellipsometer may also include a second fiber optic element configured to transmit light to a 
spectrometer from an analyzer assembly. In this manner, the fiber optic element may be configured to alter, or 
"scramble," a polarization state of light from tiie analyzer assembly such that the signal m^y not need conection for 

3S the polarization sensitivity of the spectrometer. In addition, or alternatively, the second fiber optic element may be 
configured to alter the polarization state of the light such that the spectrometer may be conveniently located at some 
distance from the specimen. The fiber optic element may, preferably, be made of fused silica or sapphire such that 
the fiber optic element may be transmissive at ultraviolet wavelengths. 
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The first polarizer may include a linear polarizing element such as a Rochon prism or a Woilaston prism 
and, optionally, a retarder (i.e., a compensator). The analyzer assembly may include a linear polarizing element 
and, optionally, a tetatder. At least one of the linear polarizing elements may rotate continuously when making 
measurements. For calibration, at least two elements will be rotated either continuously or in a series of discrete 
5 steps. 

The spectroscopic el^psometer may further include reflective or le&actlve optics (or combinations 
thereof) configured to focus the light to a small spot on the specimen and to collect the light from the specimen. 
Any reiOractive components may, preferably, be made from fused SiOj or CaBj for relatively good ultraviolet 
transmission. Any reflective con^jonents may, preferably, be coated with Al for relatively good broadband 

1 0 transmission. Typically, a thin overcoat of MgFj or SiOj may be formed over the Al to reduce, and even eliminate, 
oxidation of the Al. The reflective components may be spherical or aspherical. Diamond turning may be a 
convenient and well-known technique for making aspheric minors. For vacuum conditions such as conditions 
suitable for ultraviolet light having wavelengths in a range of less than about 190 nm, gold or platinum may be a 
suitable coating material. The spectroscopic elHpsometer may be fur&er configured as described herein. 

IS In an embodiment, a spectroscopic ellipsometer may be coupled to a lithography track. The lithography 

track may be configured as illustrated in Fig. 13 and as described herein. The spectroscopic ellipsometer may be 
configured as in any of the embodiments described herein. A processor may be coupled to the spectroscopic 
ellipsometer. The processor may be configured to deteimine at least one property of the specimen including, but 
not limited to, a critical dimension, a profile, a thickness or other thin film characteristics of the specimen, a layer 

20 formed on the specimen, and/or a feature formed on the specimen from one or more ou^ut signals generated by the 
spectroscopic ellipsometer. In addition, the spectroscopic ellipsometer may be coupled to the lithography track as 
described herein. For example, the spectroscopic ellipsometer may be coupled to a process chamber of the 
lithography track such that the spectroscopic ellipsometer may direct light toward and detect light returned from a 
specimen on a si^ort device in the process chamber. In addition, the spectroscopic ellipsometer may be 

25 configured to direct light toward and detect light returned from the specimen while tilie support device is spinning. 
Furthermore, the spectroscopic ellipsometer may be configured to direct light toward and detect light returned from 
the specimen during a process being performed in the process chamber. The process may include, but is not limited 
to, a resist apply process, a post apply bake process, and a chill process. 

Altematively, the spectroscopic elhpsometer may be disposed within the lithography track. For example, 

30 the spectroscopic elhpsometer may be disposed above a chill chamber, in an mtegration system, or laterally 

proxunate or. vertically proxunate to a process chamber of the hthography track. An integration system may be 
configured to couple a lithogr^hy track to an exposure tool For exsanph, the integration system may be 
configured to receive a specimen from the lithography track and to send the specimen to the exposure tool In 
addition, the integration system may be configured to receive or remove a specimen from the exposure tool and to 

35 send the specimen to the Hthography track. The integration system may also mclude one or more chill plates and a 
handling robot In this manner, the system may be configured to determine at least one property of the specimen at 
various points in a Hthography process such as prior to an exposure step, subsequent to the exposure step, and 
subsequent to a develop step of the process. 
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The spectroscopic ellipsometer may or may not be disposed within a measurement chamber as described 
above. For example, in an alternative embodiment, the spectroscopic ellipsometer may be coupled to a robotic 
wafer handler of the Uthography track. In this manner, the spectroscopic ellipsometer may be configured to direct 
light toward and detect light returned from the specimen prior to or subsequent to a process such prior to exposure, 
5 subsequent to exposure, or after develop. For example^ subsequent to exposure, the spectroscopic ellqisameter may 
be configured to generate one or more output signals responsive to a critical dimension, a profile, a liuckness or 
other thin film characteristics of a latent image formed on the specimen by die exposure process. 

An environment withm the track may be controlled by chemical filtration of atmospheric air or by feeding 
a supply of sufficiently pure gas. For example, the environment within the track may be controlled such that levels 

10 of chemical species including, but not limited to, ammonia and amine-group-containing compounds, water, carbon 
dioxide, and oxygen may be reduced. In addition, the environment within the track may be controlled by a 
controller conqiuter such as controller con^uter 162, as illustrated in Fig. 14 coupled to the ISP system. The 
controller computer may be further configured to control additional environmental conditions within the track 
including, but not limited to, relative humidity, particulate count, and temperature. 

1 5 The spectroscopic ellipsometer may be configured as described herein. For example, an appropriate 

spectroscopic ellipsometer may include a broadband light source, which may include one or a conlbination of light 
sources such as a xenon arc lamp, a quartz-halogen lamp, or a deuterium lamp. The ellipsometer may have a 
relatively high angle of incidence. For example, the angle of iacidence may range from approximately 40 degrees 
to approximately 80 degrees, to the normal to the surface of the specimen. The spectroscopic ellipsometer may 

20 include an array detector such as a sihcon photodiode array or a CCD array, which may be back diiimed. 

It may also be advantageous for the spectroscopic ellipsometer to include one or more fiber optic elements. 
For example, a first fiber optic element may be configured to transmit light from the light source to a first 
polarizing element For exanq)le, such a fiber may ensure that the light is randomly polarized or depolarized. The 
spectroscopic ellipsometer may also include a second fiber optic element configured to transmit light to a 

25 spectrometer from an analyzer assembly. In this manner, the fiber optic element may be configured to alter, or 

"scramble," a polarization state of light from tiie analyzer assembly such that the signal may not need correction for 
the polarization sensitivity of the spectrometer. In addition, or alternatively, the second fiber optic element may be 
configured to alter the polarization state of the light such that the spectrometer may be conveniently located at some 
distance from the specimen. The fiber optic element may, preferably, be made of fused silica or sapphire such that 

30 the fiber optic element may be transmissive at ultraviolet wavelengths. 

The first polarizer may include a hnear polarizing element such as a Rochon prism or a Wollaston prism 
and, optionally, a retarder (i.e., a compensator). The analyzer assembly may include a linear polarizing element 
and, optionally, a retarder. At least one of the linear polarizing elements may rotate continuously when making 
measurements. For calibration, at least two elements will be rotated either continuously or in a series of discrete 

35 steps. 

The spectroscopic ellipsometer may further include reflective or refractive optics (or combinations 
thereof) configured to focus the Hght to a small spot on the specimen and to collect tiie light from the specimen. 
Any refractive components may, preferably, be made from fused SiOj or CaFj for relatively good ultraviolet 



138 



wo 02/25708 PCT/USO 1/42251 

transmission. Any reflective components may, preferably, be coated with Al for relatively good broadband 
transmission. Typically, a thin overcoat of MgFj or SiOj may be formed over the Al to reduce, and even eliminate, 
oxidation of the Al. The reflective components may be spherical or aspherical. Diamond turning may be a 
convenient and well-known technique for making aspheric mirrors. For vacuum conditions such as conditions 
5 suitable for ultraviolet light having wavelengdis in a range of less than about 190 nm, gold or platzaom may be a 
suitable coating material. The spectroscopic ellqisometer may be further configured as desoibed heieia 

In addition, the processor may be configured to con^are one or more output signals fiom die 
spectroscopic ellipsometer with one or more predetermined tables that may include expected output signals versus 
wavelength for different characteristics and, possibly, interpolated data between the expected output signals versus 

1 0 wavelength. Alternatively, the processor may be configured to perform an iteration using one or more starting 

guesses through (possibly approximate) equations to converge to a good fit for one or more output signals from the 
spectroscopic ellipsometer. Suitable equations may include, but are not limited to, any non-linear regression 
algorithm known in the art 

Alternatively^ the spectroscopic ellipsometer may be configured to image approximately all, or an area of, 

IS a specimen onto a on&-dimensional or two-dimensional detector. In this manner, multiple locations on die 
specimen may be measured substantially simultaneously. In addition, the spectroscopic ellipsometer may be 
configured to measure multiple wavelengdis by sequentially changing wavelength with filters, a monochromator, or 
by dispersing the light. For example, the light may be dispersed witii a prism or grating m one dimension on a two- 
dimensional detector while one dimension of the specimen is being imaged in the other dimension. 

20 In an embodiment, a system may be configured to determine at least two properties of a specimen 

including a thickness of the specimen and/or a layer formed on the specimen, a feature formed on the specimen and 
an additional property such as a lattice constant, residual stress, average grain size, crystallinity, crystal defects, an 
index of re&action, a velocity of sound, a density, and a critical dimension, which may include a profile, of a layer 
or a feature formed upon the specimen. The specimen may include a single layer or multiple layers formed upon 

25 the specimen. In addition, die single layer or multiple layers formed on the specimen may include, but are not 

Hmited to, any combination of transparent, semi-transparent, and opaque metal fihns. The specimen may also be a 
blanket wafer or a patterned wafer. 

The system may be configured as described herein. For exanqjle, the system may include a processor 
coupled to a measurement device and configured to determine at least a thickness of the specimen and/or a layer on 

30 the specimen and an additional property of a layer on die specimen and/or a feature formed on the specimen firom 
one or more output signals generated by the measurement device. In addition, the processor may be configured to 
determine other properties of die specimen fiom die one or more output signals. In an embodiment, the 
measurement device may include, but is not lunited to, a grazing X-ray refiectomet^, an X-ray reflectometer such 
as a grating X-ray reflectometer, and/or an X-ray diffractometer. Tlie measurement device may also mclude a 

35 pattern recognition system that may be used in conjunction with the above devices. 

An X-ray reflectometer may be configured to perform an X-ray reflectance technique as described herein. 
An X-ray diffiractometer may be configured to perform X-ray diffraction. X-ray diffraction involves 
coherent scattering of x-rays by polycrystalUne materials. The x-rays are scattered by each set of lattice planes at a 
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characteristic angle, and the scattered intensity is a function of the atoms which ccupy those planes. X-ray 
dififraction peaks may be produced by constructive interference of a monochromatic beam scattered from each set 
of lattice planes at specific angles. Ihe peak intensities are determined by atomic arrangement within the lattice 
planes. In this manner, the scattering from all the different sets of planes results m a pattern^ which is unique to a 
S given compound. In addition, distortions in the lattice planes due to stress, sohd solution, or other effects may be 
measure. The scattered x-iays may be detected and one or more output signals responsive to the intensity of tiie 
scattered x-tays may be genemted. The one or more output signals may be used to obtain one or more properties of 
a layer on a specimen or a specimen. An advantage of X*ray dif&action is that is a substantially non-destructive 
technique. Commercially available X-ray dif&actometers are available from, for example, Siemens, Madison, 

10 Wisconsin and Rigaku USA, Inc., The Woodlands, Texas. 

In an embodiment, an X-ray dif&actometer may be coupled to a process tool configured to grow an 
epitaxial layer of silicon on a specimen such as a wafer. Epitaxy is a process in which a relatively thin crystalhne 
layer is grown on a crystalline substrate. An epitaxial layer of silicon, which may be commonly referred to as 
''epitaxy*' or "epi," may be a layer of extremely pure silicon or silicon-gem:ianium formed on a silicon containing 

15 substrate. The kyer may be grown to fonn a substantiaUy uniform crystalline structure on the waf^^ In epitaxial 
growth, the substrate acts as a seed crystal, and the epitaxial film duplicates the stmcture (orientation) of the crystal. 
Bpitaxial techniques include, but are not limited to, vq)or-phase epitaxy, liquid-phase epitaxy, solid-phase epitaxy, 
and molecular beam epitaxy. A thickness of the epitaxial layer during an epitaxy process (i.e., a growth rate) may 
vary over time depending i^on, for example, chemical source, deposition temperature, and mole fraction of die 

20 reactants. Examples of appropriate chemical sources include, but are not limited to, silicon tetrachloride ("SiCl4"), 
trichlorosilane ("SiHCla"), dichlorosilane C'SiHaClj")^ and silane ("SiH4"). Examples of appropriate temperatures 
for an epitaxy process may range from about 950 ^'C to about 1250 °C. An appropriate temperature may be higher 
or lower, however, depending upon, for example, the chemical source used for the epitaxy process. Such process 
tools are commercially available from Applied Materials, Inc., Santa Qara, California. The X-ray dif&actometer 

25 may be configured as described above. 

The X-ray diffractometer may be coupled to the process tool according to any of the embodiments 
described herein. For example, an X-ray diffractometer may be coupled to a process chamber of the epitaxial 
process tool or may be disposed proximate to the process chamber in a measurement chamber. In addition, a 
processor may be coupled to the X-ray diC&actometer and the process tool The processor may be further 

30 configured as described above. 

Is this manner, the measurement device may be configured to function as a single measurement device.or 
as multiple measurement devices. Because multq}le measurement devices may be integrated into a smgle 
measurement device of the system, elements of a first measurement device, for example, may also be elements of a 
second measurement device. In addition, it may be advantageous for additional elements such a handlmg robots, 

35 stages, processor, and power supplies of a first measurement device to be used by a second measurement device. 
The measurement device may also include an autofocus mechanism that may be configured to bring a specunen 
substantially mto focus (i.e., to approxunately a correct height) for a first measurement device, and then for a 
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second measurement device. The system, the measurement device, the autofocus mechanism, and the processor 
may be further configured as described herein. 

In addition, such a system may be coupled to a process tool inchiding, but not limited to, a chemical- 
mechanical polishing tool, a deposition tool such as a physical vapor deposition tool, a plating tool, and an etch 
S tool. Hie system may be coupled to the process tool as described hereui. Furthemiore, the system may be coupled 
to or disposed proximate to a process tool such that the system may detennine at least two properties of a specimen, 
a layer of a specimen, and/or a feature formed on the specimen prior to, during, or subsequent to a process. 

In an embodiment, a system may be configured to determine at least two properties of a specimen 
including an electrical property such as a capacitance, a dielectric constant, and a resistivity of the specimen and/or 

10 a layer on the specimen and a thin film characteristic of the specimen and/or a layer on the specimen. The thin film 
characteristic may include any of the characteristics as described herein. The specimen may include a wafer or a 
dielectric material disposed upon a wafer or another substrate. Examples of appropriate dielectric materials 
include, but are not limited to, gate dielectric materials and low-k dielectric materials. Typically, low-k dielectric 
materials include materials having a dielectric constant less dian about 3.8, and high-k materials include materials 

1 5 having a dielectric constant greats than about 4.5. 

Hie system may be configured as described herein. For example, the system noay include a processor 
coupled to a fust measurement device and a second measurement device and configured to determine at least a thm 
film characteristic of the specimen and/or a layer on the specimen from one or more output signals of the first 
measurement device and an electrical property of the specimen and/or a layer on the specimen from an output 

20 signal of the second measurement device. In addition, the processor may be configured to detennine other 

properties of the specimen from the one or more output signals. For example, the processor may also be used to 
detemune additional properties of the specimen including, but not limited to, a characteristic of metal 
contamination on the specimen. In an embodiment, the first measurement device may include, but is not Hmited to, 
a refiectometer, a spectroscopic reflectometer, an ellipsometer, a spectroscopic ellq>someter, a beam profile 

25 ellipsometer, a photo-acoustic device, an eddy current device, an X-ray refiectometer, a graying X**my 

reflectometer, and an X-ray diffractometer and a system configured to measure an electrical property of tiie 
specimen. Hie system, tiie first measurement device, and the processor may be further configured as described 
herein. 

Such a system may be coupled to a process tool such as a deposition tool including, but not limited to, a 
30 chemical vapor deposition tool, an atomic layer deposition tool and a physical vapor deposition tool, a plating tool, 
a chemical-mechanical polishing tool, a fhennal tool such as a furnace, a cleaning tool, and an ion implanter, as 
described herein. Such a system may also be coupled to an etch tool. In this manner, at least the two properties 
may be used to detennine an amount of plasma damage caused to the specimen and/or a layer on the specimen 
during an etch process poformed by tiie etch tool. For exan^le, plasma damage may include, but is not limited to, 
35 roughness and pitting of a specimen or a layer on a specimen generated during an etch process. 

The second measurement device may be configured to measure an electrical property of the specimen as 
illustrated, for example, in U.S. Patent Application entitled "A Method Of Detecting Metal Contamination On A 
Semiconductor Wafer," by Xu et al., filed May 10, 2001, which is incorporated by reference as if fiilly set forth 
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herein. For example, a specimen may be placed into a wafer cassette, which may be loaded into the system. The 
system may inchide a robotic handler, which may be configured as described herein. The system may also mclude 
a pre-aligner that may be conjSgured to alter a position of a specimen. For exanq)le, a pre-aligner may be 
configured to alter a position of the specimens such the orientation of each specimen may be substantially &e same 
S during processing. Alternatively, die pre-aligner may be configured to detect an alignment mark formed on a 

spechnen and to alter a position of the specimen such that a position of die aHgmnent mark may be substantially the 
same as a predetemiined position. 

In an embodiment, the second measurement device may also include an oven that may be used to anneal a 
specimen. The oven may be configured to heat the specimen to a temperature, for example, of less than 

1 0 approximately 1 1 00 °C. The oven may also be configured to drive the metal contamination into a dielectric 

material of the specimen or into a semiconductor substrate of the specimen. The second measurement device may 
also include a cooling device configured to reduce a temperature of the specimen subsequent to the annealing 
process. The cooling device may include any such device known in the art such as a chill plate. 

In an embodiment, the second measurement device may include a device configured to deposit a charge on 

15 an upper sur&ce of the specimen. The device may include, for example, a non-contact corona charging device such 
as a needle corona source or a wire corona source. Additional examples of non-contact corona charging devices are 
illustrated in U.S. Patent Nos. 4,599,558 to Castellano et aL, 5,594,247 to Verkuil et al., 5,644,223 to Verkuil, and 
6,191,605 to Miller et al., which are incorporated by reference as if fully set forth herein. The deposited charge 
may be positive or negative depending on the parameters of the device used to deposit the charge. The device may 

20 be used to deposit a charge on predetemiined regions of the specimen or on randomly determined regions of the 
specimen. In addition, the device may also be used to deposit a charge on a portion of &e specimen or on 
substantially the entire specimen. 

In an embodiment, the second measurement device may also include a sensor configured to measure at 
least one electrical property of &e charged upper surface of the spedmen. The sensor may be configured to operate 

25 as a non-contact wo± function sensor or a surface photo-voltage sensor. The non-contact work function sensor 

may include, e.g., a Kelvin probe sensor or a Monroe sensor. Additional examples of work function sensors, which 
may be incorporated into the system, are iUustrated in U.S. Patent Nos. 4,812,756 to Curtis et al, 5,485,091 to 
Verkuil, 5,650,73 1 to Fung, and 5,767,693 to Verkuil and are incorporated by reference as if fvdly set forth hereio. 
The sensor may be used to measure electrical properties, which may include, but are not limited to, a tunneling 

30 voltage, a surface voltage, and a surface voltage as a function of time. The second measurement device may also 
include an illumination system that may be configured to direct a pulse ofhglit toward the specimen and that may 
be used to generate a surface photo-voltage of tile specimen. As such, an electrical property that may be measured 
by the sensor may also include a surface photo-voltage of the specimen. The system may further include a movable 
chuck configured to alter a position of the spechnen under tiie device, under the illumination system, and under Ihe 

3 5 sensor. As such, the second measurement device may be used to measure an electrical property of the specimen as 
a function of time and position of tiie specim^. 

In an additional embodiment, the system may also include a processor that may be configured as described 
herein and may be used to monitor and control (Operation of the oven to heat die specimen to an aimeal temperature. 
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The pxocessor may also be configured to monitor and control the operation of the device to deposit a charge on an 
upper surface of the specimen. Additionally, the processor may be further configured to monitor and control &e 
operation of the sensor to measure an electrical property of the specimea The measured electrical property may 
include a surface voltage of a dielectric matsial formed on the spechnen, which may be measured as a function of 
5 time. The second measurement device may be configured to generate one or more output signals responsive to the 
measured electrical property. The processor may be configured to use one or more output signals fix>m the second 
measurement device to determine at least one property of ttie specimen such as a resistivity of the dielectric 
material. The resistivity of the dielectric material may be determined by using the following equation: 

10 Pdielectric = -V/[(dV/dt) - e • eoh 

where pdielectric is the resistivity of the dielechric material, Kis the measured surface voltage of the dielectric 
material, ^ is the decay time, b is the dielectric constant of the dielectric material, and eQ is the vacuum permittivity. 
A characteristic of metal contammation in the dielectric material may also be a function of the resistivity of the 

IS dielectric material. 

Furthermore, the processor may be used to determine a characteristic of the metal contamination in the 
specimen. The characteristic of the metal contamination in the specimen may be determined as a function of the 
measured electrical property. In addition, the processor may also be configured to monitor and control an 
additional device of the operating system includiag, but not limited to, a robotic wafer handler, a pre-aligner, a 

20 wafer chuck, and/or an illumination system. 

In an embodiment, each of the systems described above may be coupled to an secondary electron 
spectroscopy device. Such a system may be configured to determine material coni^osition of a spechnen by 
analyzing secondary electron emission from the specimen. An example of such a device is illustrated in PCT 
Application No. WO 00/70646 to Shachal et al., and is incorporated by reference as if fully set forth herein. 

25 In an additional embodiment, more than one system described herein may be coupled to a semiconductor 

fabrication process tool. Each of the systems may be configured to determine at least two properties of a specimen 
during use. Furthermore, each of the systems may be configured to determine at least two substantially similar 
properties or at least two different properties. In this manner, properties of a plurality of specimens may be 
detennined substantially simultaneously and at multiple points throughout a semiconductor fabrication process. 

30 In a furdier embodiment, each of the systems described herein may be coupled to a stand alone metrology 

and/or mspection system. For example, each of the systems described herein may be coupled to a stand alone 
metrology and/or inspection system such that signals such as analog or digital signals may be sent between the 
coupled systems. Each of the systems may be configured as a single tool or a cluster tool tibat may or may not be 
coupled to a process tool such as a semiconductor fabrication process tool. The stand alone metrology and/or 

35 inspection system may be configured such that the stand alone system may be calibrated with a calibration 

standard An appropriate calibration standard may include any cahbration standard known in the art The stand 
alone metrology and/or inspection system may be configured to calibrate the system coupled to the stand alone 
system. 
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In addition, the stand alone metrology and/or inspection system may be coupled to a plurality of systems 
as described herein. In tius manner, the stand alone metrology and/or inspection system may be configured to 
calibrate the plurality of systems coupled to the stand alone system. For example, a plurality of systems may 
include single tools and/or cluster tools incorporated within the same manufacturing and/or research and 
S development fecility . Each of &e plurality of systems may be configured to determine fhe same at least two 

characteristics of a ^ecimen. In addition, each of die plurality of systems may be configured to deteraune at least 
two characteristics of substantially the same type of specimen such as specimens upon which a substantially similar 
type of semiconductor device may be formed. For example, each of tiie plurality of systems may be incoipotated 
into the same type of product line in a manufacturing facility. 

10 In addition, the stand alone metrology and/or inspection system may be configured to calibrate each of the 

plurality of systems using the same caUbration standard. As such, a plurality of metrology and/or inspection 
systems in a manoficturing and/or research and development facility may be calibrated using the same calibration 
standard. In addition, the stand alone metrology and/or inspection system may be configured to generate a set of 
data. The set of data may include ou^t signals fiom a measurement device of a system and characteristics of a 

1 5 specimen determined by a processor of the system using the ou^t signals. The set of data may also include output 
signals and detemoined characteristics corresponding to the output signals that may be generated by using a 
plurality of systems as described herein. Therefore, the set of data may be used to calibrate and/or monitor the 
performance of a plurality of systems. 

In an additional Gmhodiment, each of the systeim^ as described herein, may be coupled to a cleaning tool. 

20 A cleaning tool may include any tool configured to remove unwanted material &om a wafer such as a dry cleaning 
tool, a wet cleaning tool, a laser cleaning tool, and/or a shock wave cleaning tool. A diy cleaning tool may include 
a dry etch tool, which may be configured to expose a specimen to a plasma. For exanqile, resist may be stripped 
fiom a specimen using an oxygen plasma in a plasma etch tool An appropriate plasma may vary depending upon, 
for example, the type of material to be stripped from a specimen. The plasma etch tool may be further configured 

25 as described herein. Dry cleaning tools are commercially available from, for example, Applied Materials, Inc., 
Santa Clara, California. A wet cleaning tool may be configured to submerge a specimen in a chemical solution, 
which may include, but is not limited to, a sulfuric-acid nuxture or a hydrofluoric acid mixture. Subsequent to 
exposure to the chemical solution, the specimen may be rinsed with de-ionized water and dried. Wet cleaning tools 
are commercially available £i:om, for example, FSI Intemafional, Inc., Chaska, Minnesota. An example of a laser 

30 cleaning tool is illustrated in '"Chemically Assisted Laser Removal of Photoresist and Particles fiom Semiconductor 
Wafers," by Genut et al. of Oramir Semiconductor Equipment Ltd., Israel, presented at die 2S* Annual Meeting of 
the Fine Particle Society, April 1-3, 1998, which are incorporated by reference as if fidly set forth herem. An 
example of a shock wave cleaning tool is illustrated in U.S. Patent No. 5,023,424 to Vaught, which is incorporated 
by reference as if fully set forth herein. 

35 In a further embodiment, each of the systems, as described herein, may be coupled to a tiiermal tool such 

as a tool configured for rapid thermal processing (**RTP") of a wafer, A rapid thermal processing tool may be 
configured to subject a specimen to a relatively brief, yet highly controlled thermal cycle. For example, the RTF 
tool may be configured to heat a specimen to over approximately 1000 ^C in under approximately 10 seconds. 
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RTP may be used mainly for modifying properties of a specimen or a fibs formed on a specimen formed by other 
processes. For example, RTP may be commonly used for annealing, which may activate and control the movement 
of atoms in a specimen after implanting. Another ccmimon use is for siliddation, which may form silicon- 
containing compounds vnih metals such as tungsten or titanium. A tfiird type of RTP application is oxidation, 
5 which may involve growing oxide on a specimen such as a silicon wafer. RTP tools are commercially available 
from, for exanq>le, Applied Materials, Inc., Santa Clara, Catifomia. 

In an embodiment, each of the processors described above including a local processor, a remote controller 
computer, or a remote controller con^uter coupled to a local processor may be configured to perform a conq[>uter 
integrated manufacturing technique as ilhistrated in European Patent Application EP 1 072 967 A2 to 

10 Arackaparambil et al, which is incorporated by reference as if fuUy set forth herein. 

In a further embodiment, each of the processors as described herein may be configured to automatically 
generate a schedule for wafer processing within a multichamber semiconductor wafer processing tool as illustrated 
in U.S. Patent Nos. 6,201»999 to Jevtic» 6,224,638 to Jevtic, and PCT Application Ko. WO 98/57358 to Jevtic, 
which are incorporated by reference as if fully set forth herein. In addition, each of the systems as described herein 

1 S may include a multiple blade wafer handler. A processor as described herein may be configured to control the 
multiple blade wafer handler. Each of the processors as described herein may be configured to assign a priority 
value to process chambers and/or measurement chambers of a cluster tool such as a process tool or a measurement 
and/or inspection system. One or more measurement chambers may be coupled to a process tool according to any 
of the embodiments as described herein. Each of the processors as described herein may also be configured to 

20 assign a priority to measurement chambers of a cluster tool such as a metrology and/or inspection system. 

The processor may be configured to control the multiple blade wafer handler such tbat the nmltiple blade 
wafer handler may be configured to move a specimen tarn chaaiber to chamber according to the assigned 
priorities. Hie processor may also be configured to determine an amount of time available before a priority move is 
to be performed. If the determined amount of time is sufficient before a priority move is to be performed, the 

25 processor may control the multiple blade wafer handler to perform a non-priority move while waiting. For 

example, if the determined amoimt of time is sufRcient before a process step is to be performed on a specimen, then 
the multiple blade wafer handler may move die specimen to a measurement chamber. In this manner, a system as 
described herein may be configured to determine at least two properties of a specimen while die specimen is 
waitiog between process steps. The processor may also be configured to dynamically vary assigned priorities 

30 depending upon, for example, the availability of process and/or measurement chambers. Furtliemiore, the 
processor may assign priorities to the process and/or measurement chambers based upon, for example, a time 
required for a wafer handler to move the wafer in a particukr sequence . 

In addition, each of the processors as described herein may be configured to use "options,** which may 
correspond to optional con^nents of a process tool, and which may be selected by a user according to the optional 

35 components that the user desires to have as part of the process tool as illustrated in U.S. Patent No. 6,199,157 to 
Dov et al., which is incorporated by reference as if fully set forth herein. 

A process tool as described herein may also include multiple chill process chambers or a multi-slot chill 
process chamber. Such multiple or muhi^slot chill process chambers allows multiple wafers to be cooled while 
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other wafers are subjected to processing steps in other chambers. In addition, each of the processors as described 
herein may be configured to assign a priority level to each wafer in a processing sequence depending on its 
processing stage, and this priority level may be used to sequence the movement of wafers between chambers as 
illustrated in U.S. Patent No. 6,201,998 to Lin et al., which is incorporated by reference as if fully set foxlh herein. 
S In diis manner, a system as described herein may increase an efficiency at which wafers aie tiansfected among 
different processing chambers in a wafer processing &cility. 

In a further embodiment, each of the processors, as described herein, may be configured to determine at 
least a roughness of a specunen, a layer on a specimen, and/or a feature of a specimen. For exaii^>le, a processor 
may be configured to determine a roughness from one or more output signals of a measurement device using 

1 0 mathematical modeling. For example, the one or more output signals may be generated by a measurement device 
such as a non-imaging scatterometer, a scatterometer, a spectroscopic scatterometer, and a non-imaging Linnik 
microscope. Appropriate mathematical models may include any mathematical models known in the art such as 
mathematical models that may be used to determine a critical dimension of a feature. The noatfaematical models 
may be configured to process data of mult^le wavelengdis or data of a single waveleng&. 

IS A system, including such a processor, may be coupled to a process tool such as a lithography tool, an 

atomic layer deposition tool, a cleaning tool, and an etch tool For example, a develop process stqp in a lithography 
process may cause a significant amount of roughness to a patterned resist. In addition, a layer of material formed 
by atomic layer deposition may have a significant amount of roughness, particularly on sidewalls of features on a 
specimen. Furthermore, wet cleaning tools may tend to etch a specimen, a layer on a specimen, and/or features on 

20 a specimen, which may cause roughness on the specimen, the layer, and/or the features, respectively. The system 
may also be coupled to any process tool configured to perform a process that may cause roughness on a surface of a 
specimen. The systsm may be coupled to the process tool according to any of the embodiments described herein. 
For example, a measurement device of such a system may be coupled to a process chamber of a process tool such 
(hat the system may determine at least a roughness of a specimen, a layer on a specimen, and/or a feature on a 

25 specimen prior to and subsequent to a process. For example, the measurement device may be coupled to a process 
tool such that a robotic wafer handler may move below or above the measurement device. Hie system may be 
further configured as described herein. 

The following references, to the extent that they provide exemplary procedural or other information or 
details supplementary to those set forth herein, are specifically incorporated herein by reference: U.S. Patent 

30 Application Nos. 09/310,017 filed onMay 11, 1999, 09/396,143 filed on September 15, 1999, 09/556,238 filed on 
April 24, 2000, and 09/695,726 filed on October 23, 2000. 

Further modifications and alternative embodiments of various aspects of the invention may be apparent to 
those skilled in the art in view of this description. For exan^le, the system may also include a stage configured to 
tilt in a number of angles and directions with respect to a measurement device. Accordingly, this description is to 

35 be construed as illustrative only and is for the purpose of teaching those skilled in the art &e general manner of 

carrying out the invention. It is to be understood that the forms of the invention shown and described herein are to 
be taken as the presently preferred embodiments. Elements and materials may be substituted for those illustrated 
and described herein, parts and processes may be reversed, and certain features of the invention may be utilized 
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independent, all as would be apparent to one skilled in fte ait after having Ihe benefit of this description of tiie 
invention. Changes may be made in the elements described herein without departing from the spirit and scope of 
Ihe invention as described in the following claims. 
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1 . A system configuied to detenniiie at least two properties of a specimen during use, comprising: 
a stage configured to support the specimen during use; 

a measurement device coupled to the stage> comprising: 

an illumination system configured to direct energy toward a sur&ce of the spedmen during use; 
and 

a detection system coupled to the illumination system and configured to detect energy 
propagating from the surface of the specimen during use, wherein the measurement device is 
configured to generate one or more output signals in response to the detected energy during use; 
and 

a processor coupled to the measurement device and configured to determine a first property and a second 
property of the specimen from die one or more ou^ut signals during use, wherein the first property 
con^rises a critical dimension of the specimen, and wherem the second property comprises overlay 
misregistration of the specimen. 

2. The system of claim 1, wherein the stage is further configured to move laterally during use. 

3. The system of claim 1, wherein the stage is further configured to move rotatahly during use. 

4. The system of claim 1, wherein the stage is further configured to move laterally and rotatably during use. 

5. The system of claim 1 , wherein the illumination system comprises a single energy source. 

6. The system of claim 1, wherein the illunfunation syst^ comprises more than one energy sources. 

7. The system of claim 1, wherein the detection system con^rises a single energy sensitive device. 

8. The system of claim 1, wherein the detection system comprises more than one energy sensitive devices. 

9. The system of claim 1, wherein the measurement device further comprises a non-imaging scatterometer. 

10. The system of claim 1, wherein the measurement device further comprises a scatterometer. 

1 1 . The system of claim 1 , wherein the measurement device further con^rises a spectroscopic scatterometer. 

12. The system of claim 1, wherein the measurement device further con^rises a reflectometer. 



148 



wo 02/25708 PCT/USO 1/42251 

13. The system of claim 1, wherein fbs measuiement device further con^rises a spectroscopic reflectometer. 

14. The system of claim 1» wherein the measurement device fur&er comprises an ellipsometer. 

5 15. The system of claim 1, wherein the measurement device further conipises a spectroscopic ellipsomet^. 

16. The system of claim 1, wherem the measurement device tother con^rises a bright field imaging device. 

17. The system of claim 1, wherein the measurement device further comprises a dark field imaging device. 

10 

18. The system of claim 1, wherein the measurement device further comprises a bright field and a dark field 
imaging device. 

19. The system of claim 1, wherein the measurement device further comprises a bright field non-imaging 
15 device. 

20. The system of claim 1, wherein the measurement device fiulher comprises a dark field non-imaging 
device. 

20 21. The system of claun 1 , wherein the measurement device further comprises a bright field and a dark field 
non-iD3aging device. 

22. The system of claim 1, wheiein the measurement device further comprises a coherence probe microscope. 

25 23. The system of claim 1, wherein die measurement device further comprises an interference microscope. 

24. The system of claim 1, wherein the measurement device further comprises an optical profilometer. 

25. The system of claim 1 , wherein the measurement device further comprises at least a first measurement 
30 device and a second measurement device, and wherein the first and second measurement devices are selected firom 

the group consisting of a non-imaging scatterometer, a scatterometer, a spectroscopic scatterometer, a 
reflectometer, a spectroscopic reflectometer, an ellipsometer, a spectroscopic ellipsometer, a bright field imaging 
device, a dark field imaging device, a bright field and a da± field imagmg device, a bright field non-imaging 
device, a dark field non-imaging device, a bright field and a dark field non-imaging device, a coherence probe 
35 microscope, an interference microscope, and an optical profilometer. 
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26. The system of claim 1, wherein the measurement device further compnses at least'flf^tmeasuiemj?]]^ 
device and a second measurement device, and wherein optical elements of the first measurement device coni^)rise 
optical elements of the second measurement device. 

27. The system of claim 1, wherein the processor is further configured to det^mine a third property of the 
specimen &om the one or more ou^t signals during use^ and wherein the third property compiises a presence of 
defects on the specimen. 

28. The system of claim 27, wherein the defects comprise micro defects and macro defects. 

29. The system of claim 27, wherein the illumination system is further configured to direct energy toward a 
bottom surface of the specimen during use, wherein the detection system is further configured to detect energy 
propagating fiom tiie bottom surface of the specimen durmg use, and wherein flie third property furdier comprises i 
presence of defects on the bottom surface of the specimen. 

30. The system of claim 29, wherein the defects conq>rise macro defects. 



3 1 . The system of claim 1, wherein the processor is further configured to detennine a third property of the 
specimen from the one or more output signals during use, and wherein the third property comprises a flatness 

20 measurement of the specimen. 

32, The system of claim 1 , wherein the processor is fiirther configured to determine a third property and a 
fourth property of the specimen from the one or more output signals during use, wherein die third property 
comprises a presence of defects on the specimen, and wherein the fourth property con:qmses a flatness 

25 measurement of the specimen. 

33. The system of claim 1 , wherein the processor is further configured to determine a third property of the 
specimen from the one or more output signals during use^ and wherein the &trd property is selected &cm the group 
consisting of a roughness of the specim^ a rougihness of a layer on die specimen, and a roughness of a feature of 

30 the specimen. 

34, The system of claim 33, wherein the system is coupled to a process tool selected from the group consisting 
of a hthography tool, an atomic layer deposition tool, a cleaning tool, and an etch tool. 

35 35. The system of claim 1, wherein the systsm is furdier configured to detennine at least two properties of the 
specimen simultaneously during use. 
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36. Tlxe system of claim 1» whexein the illmnination system is furfher configured to diiect energy to multiple 
locations on the surface of the specimen substantially simultaneously, and wherein £be detection system is further 
configured to detect eneigy propagating from &e multq>le locations on the surface of the specimen substantially 
simultaneously such that one or more of die at least two properties of the specimen can be detennmed at the 

5 multQ)le locations substantially simultaneously. 

37. The system of claim 1, wherein the system is coupled to a process tool. 

38. The system of claim 1, wherein the system is coupled to a process tool, and wherein the system is disposed 
1 0 within the process tool 

39. The system of claim 1 , wherein the system is coupled to a process tool, and wherein the system is arranged 
laterally proximate to the process tool. 

1 5 40. The system of claim 1, wherein the system is coupled to a process tool, and wherein the process tool 
comprises a wafer handler configured to move the specimen to die stage during use. 

41 . The system of claim 1 , wherein the system is coupled to a process tool, and wherein the stage is 
configured to move the specimen from the system to the process tool during use. 

20 

42. The system of claim 1, wherein the system is coupled to a process tool, and wherein the stage is furtiher 
configured to move the specimen to a process chamber of die process tool during use. 

43. The system of claim 1, wherein die system is coupled to a process tool, and wherein die system is fiurther 
25 configured to determine at least the two properties of the specimen while the specimen is waiting between process 

steps. 

*44. The system of claim 1, wherein the system is coupled to a process tool, wherein die process tool comprises 
a support device configured to support the specimen during a process step, and wherein an upper surface of the 
30 support device is substantially parallel to an upper surface of the stage. 

45. The system of claim 1, wherein the system is coupled to a process tool, wherein the process tool comprises 
a support device configured to support the specimen during a process step, and wherein an upper surface of the 
stage is angled with respect to an upper surface of die support device. 



35 



46. The syst^ of claim 1, wherein the system is coupled to a process tool, and wherein the process tool 
comprises a lidiography tool. 
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47. The system of claim 1, wherein the system comprises a measurement chamber, wherein the stage and the 
measurement device are disposed within the measurement chamber, and wherein the measurement chamber is 
coupled to a process tool. 

5 48. The system of claim 1, wherein the system con^jrises a measurement chamber, ^iiiierein the stage and the 
measurement device are disposed witiiin die measurement chamber, wherein the measurement chamber is coupled 
to a process tool, and wherein die measurement chamber is disposed widiin the process tool. 

49. The system of claim 1 , wherein the system comprises a measurement chamber, wherein the stage and the 
10 measurement device are disposed within the measurement chamber, wherein the measurement chamber is coupled 

to a process tool, and wherein the measurement chamber is arranged laterally proximate to a process chamber of the 
process tool. 

50. The system of claun 1, wherein the system con^rises a measurement chamber, wherehi die stage and the 
1 5 measurement device are disposed within the measurement chamber, wherein die measurement chamber is coupled 

to a process tool, and wherein the measurement chamber is arranged vertically proximate to a process chamber of 
the process tooL 

5 1 . The system of claim 1 , wherein a process tool comprises a process chamber, wherein the stage is disposed 
20 within die process chamber, and wherein the stage is further configured to support the specimen during a process 

step, 

52. The system of claim 5 1 , wherein the processor is furdier configured to determine at least the two 
properties of the specimen durmg the process step. 

25 

53. The system of claim 51, wherein the processor is furdier configured to obtain a signature characterizing 
the process step during use, and wherem the signature conoprises at least one singularity representative of an end of 
the process step. 

30 54. The system of claim 5 1 , wherem the processor is coupled to the process tool and is further configured to 
alter a parameter of one or more mstruments coupled to the process tool m response to the detemiined properties 
using an in situ control technique during use. 

55. The system of clahn 1, wherein a process tool comprises a first process chamber and a second process 
35 chamber, and wherein the stage is further configured to move the specimen fiom the first process chamber to the 
second process chamber during use. 
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56. The system of claim 1 , wherein a process tool comprises a first process chamber and a second process 
chamber, wherein the stage is further configured to move the specimen firom the fiist process chamber to the second 
process chamber during use, and wherein the processor is furdier configured to determine at least tiie two properties 
of the specimen as the stage is moving the specimen fix>m the first process chamber to the second process chamber. 

5 

57. The system of claim 1, wherein a process tool con9>rises a first process chamber and a second process 
chamber, wherem die stage is farther configured to move the specimen firom the first process chamber to the second 
process chamber during use, wherem the processor is further configured to detemune at least the two properties of 
the specimen as the stage is moving the specimen from the first process chamber to the second process chamber, 

1 0 and wherein the process tool comprises a lithography tool 

58. The system of claim 57, wherein the first process chamber is configured to chill the specimen during use, 
and wherein die second process chamber is configured to apply resist to the specimen during use. 

1 5 59. The system of claim 57, wherein the first process chamber is configured to chiU the specimen subsequent 
to a post apply bake process step during use, and wherein the second process chaihber is configured to expose the 
specimen during use. 

60. The system of claim 57, wherein the first process chamber is configured to expose the specimen dunng 
20 use, and wherem the second process chamber is configured to bake the specimen subsequent to exposure of the 

specimen during use. 

61. The system of claim 57, wherein the first process chamber is configured to chill the specimen subsequent 
to a post exposure bake process step during use, and wherein the second process chamber is configured to develop 

25 the specunen during use. 

62. The system of claim 57, wherein the first process chamber is configured to develop the specimen during 
use, and wherein the second process chamber is configured to bake the spechnen subsequent to a develop process 
step during use. 

30 

63. The system of claim 57, wherein the first process chamber is configured to develop the specimen during 
use, and wherein the second process chamber is configured to receive the specimen in a wafer cassette during use. 

64. The system of claim 1, wherein the processor is further configured to compare the determined properties 
35 of die specimen and properties of a plurality of specimens during use. 

65. The system of clahn 1, wherein the processor is further configured to conq)are at least one of the 
detemuned properties of tiie specimen to a predetermined range for the property. 
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66. The system of claim 1, wherein the piocessor is further configured to compare at least one of the 
determined properties of the specimen to a predetennined range for the property, and wherein the processor is 
further configured to generate an output signal if the detemained property of the specimen is outside of &e 
predetemiined range during use. 

5 

67. The system of claim 1, wherein tiie processor is further configured to alter a sampling firequency of the 
measurement device in response to the detemuned first or second property of the specimen during use. 

68. The system of claim 1, wherein the processor is further configured to alter a parameter of an instrument 
10 coupled to the measiirement device in response to the determined first or second property using a feedback control 

technique during use. 



69. The system of claim 1, wherein the piocessor is furdier configured to alter a parameter of an instrament 
coupled to the measurement device in response to tiie determined first or second property using a feedforward 
1 S control technique during use. 



70. Hie system of claim 1, wherein the piocessor is fur&er configured to genmte a database during use, and 
wherehi the database con^rises the deteimined first and second properties of the specimen. 

20 71. The system of claim 70, wherein the processor is further configured to calibrate the measurement device 
using the database during use. 

72. The system of claim 70, wherein the processor is further configured to monitor output signals generated by 
measurement device using the database during use. 

25 

73. The system of claun 70, wherein the database further conqprises first and second properties of a plurality 
of specimens. 

74. The system of claim 73, wherein the first and second properties of the plurality of specimens are 
3 0 determined using the measurement device. 

75. The system of claim 73, wherein the first and second properties of the plurality of specimens are 
determined using a pluraUty of measurement devices. 

35 76. The system of claim 75, wherein the piocessor is further coupled to the phnulity of measurenient devices. 

77. The system of claim 76, wherem the processor is further configured to calibrate the plmality of 
measurement devices usmg the database during use. 
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78. The system of claim 76, wherein the processor is further configured to monitor output signals generated by 
the phirality of measurement devices using the database during use. 



79. The system of claim 1, further comprising a stand alone system coupled to the system, wherein the stand 
5 alone system is configured to be calibrated with a caUbration standard during use, and wherein the stand alone 

system is further configured to calibrate die system during use. 

80. The system of claim 1, further comprising a stand alone system coupled the system and at least one 
additional system, wherein the stand alone system is configured to be calibrated with a calibration standard during 

1 0 use, and wherein the stand alone system is further configured to calibrate the system and at least the one additional 
system during use. 

81. The system of claim 1, wherein die system is fiirdier configured to determme at least die two properties of 
die specimen at more than one position on the specimen, wherein the specimen comprises a wafer, and wherein the 

1 S processor is configured to alter at least one parameter of one or more instruments coupled to a process tool in 

response to at least one of the determined properties of die specimen at the more than one position on the specimen 
to reduce within wafer variation of at least one of the determined properties. 

82. The system of claim 1 , wherein the processor is further coupled to a process tool. 

20 

83. The system of claim 82, wherein the process tool comprises a lithography tool. 

84. The system of claim 82, wherein the processor is fiirdier configured to alter a parameter of one or more 
instraments coupled to the process tool in response to the determined first or second property using a feedback 

25 control technique during use. 

85. Hie system of claim 82, wherein the processor is further configured to alter a parameter of one or more 
instruments coupled to the process tool in response to the determined first or second property using a feedforward 
control technique during use. 

30 

86. The system of claim 82, wherein the processor is further configured to monitor a parameter of one or more 
instruments coupled to die process tool durmg use. 

87. The system of claim 86, wherem the processor is further configured to determine a relationship between 
35 the determined properties and at least one of die monitored parameters during use. 

88. The system of claim 87, wherein the processor is further configured to alter the parameter of the one or 
more instruments in response to the determined relationsh^ during use. 
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89. The system of claim 1, wherein the processor is further coupled to a plurality of measurement devices, and 
wherein each of the plurality of measurement devices is coupled to at least one of a plurality of process tools. 



90. The system of claim 1, wherein the processor conqirises a local processor coupled to the measurement 

5 device and a remote controller compatsr coupled to the local processor, wherein the local processor is configured to 
at least partially process the one or more output signals during use, and wherein the remote controller computer is 
configured to further process the at least partially processed one or more output signals during use. 

9 1 . The system of claim 90, wherein the locai processor is further configured to determine the first property 
10 and the second property of the specunen during use. 

92. Hie system of claim 90, wherein the remote controller compute is further configured to determine the first 
property and the second property of the specimen daring use. 

15 93. A method for determining at least two properties of a specimen, comprising: 

disposing the specimen upon a stage, wherein the stage is coi^led to a nseasurement device, and wherein 
the measurement device comprises an illumination system and a detection system; 
directing energy toward a surface of the specimen using the illumination system; 
detecting energy propagating fi-om the surface of the specimen using the detection system; 

20 generating one or more output signals responsive to the detected energy; and 

processmg the one or more output signals to determine a first property and a second property of the 
specimen, wherein the first property con^rises a critical dimension of tbe specimen, and wherein &e 
second property comprises overlay misregistration of thd specunen. 

25 94. A computer-implemented method for controlling a system configured to determine at least two properties 
of a specimen during use, wherein the system comprises a measurement device, comprising: 

controlling the measurement device, wherein the measurement device comprises an illumination system 
and a detection system, and wherein the measurement device is coupled to a stage, comprising: 
controlling the illumination system to direct energy toward a surface of the specimen; 
30 controlling the detection system to detect energy propagating from the surface of the specimen; 

and 

generating one or more output signals responsive to the detected energy; and 
processing the one or more outjput signals to determine a first property and a second property of the 
specimen, wherein the first property comprises a critical dimension of the specino^n, and wherein the 
35 second property con^rises overlay misregistration of the specunen. 

95. A semiconductor device fabricated by a method, the method comprising: 
forming a portion of the semiconductor device upon a specimen; 



156 



wo 02/25708 PCT/USOl/42251 
disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
the measurement device comprises an illumination system and a detection system; 
directing energy toward a surface of the specimen using the illumination system; 
detecting energy propagating from die sui&ce of the specimen using the detection system; 
generating one or more output signals responsive to the detected energy; and 
processing the one or more output signals to detennine a first property and a second property of the 
portion of the semiconductor device, wherein the first property comprises a critical dimension of the 
portion of the semiconductor device, and wherein the second property comprises overlay misregistration 
of the portion of ^ semiconductor device. 



10 



96, A method for fabricating a semiconductor device, comprising: 
forming a portion of the semiconductor device upon a specimen; 

disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
the measurement device comprises an illumination system and a detection system; 

1 S directing energy toward a surface of the specimen using the illumination system; 

detecting energy propagating from the surface of the specimen using the detection system; 
generating one or more ou^ut signals responsive to the detected energy; and 
processing the one or more output signals to determine a furst property and a second property of the 
portion of the semiconductor device, wherein the first property corc^rises a critical dimension of the 

20 portion of the semiconductor device, and wherein the second property comprises overlay. misregistration 

of the portion of the semiconductor device. 



97. A system configured to determine at least two properties of a q)ecimen during use, comprising: 
a stage configured to support the specimen during use; 
25 a measurement device coupled to the stage, comprising: 

an illumination system configured to direct energy toward a surface of the specunen during use; 
and 

a detection system coupled to the illumination system and configured to detect energy 
propagating from the surface of the specimen during use, wherein the measurement device is 
30 configured to generate one or more output signals in response to the detected energy during use; 

a local processor coupled to die measuF^nent device and configured to at least partially process the one or 

more ou^ut signals during use; and 

a remote controller coic^uter coupled to the local processor, wherein the remote controller con^uter is 
configured to receive die at least partially processed one or more ou^ut signals and to determine a first 
35 property and a second property of the specimen from the at least partially processed one or more output 

signals during use, wherein the first property comprises a critical dimension of die specimen, and wherein 
the second property comprises overlay misregistration of the specimen. 
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98. A method for determining at least two properties of a specimen, comprising: 

disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
the measurement device comprises an iUumination system and a detection system; 
directing energy toward a surface of the specimen using the illumination system; 
5 detecting energy propagating from the surface of the specimen using the detection system; 

generating one or more ou^ut signals in response to the detected energy; and 
processing the one or more ou^ut signals to determine a first property and a second property of the 
specimen, wherein the first property comprises a critical dimension of the specimen, and wherein the 
second property comprises overlay misregistration of the specimen, wherem processing the one or nunre 
10 output signals comprises: 

at least partially processing the one or more output signals using a local processor, wherein the 

local processor is coupled to the measurement device; 

sending the partially processed one or more output signals from the local processor to a remote 
controller computer; and 

1 5 further processing the partially processed one or more output signals using tixe remote controller 

computer. 

99. A system configured to determine at least two properties of a specimen during use, con^rising: 
a stage configured to support the specimen during use; 

20 a measiuement device coupled to the stage, comprising: 

an illumination system configured to direct energy toward a surface of the specimen during use; 
and 

a detection system coupled to the illumination system and configured to detect energy 
propagating from the surface of &e specimen during use, wherein the measurement device is 
25 configured to generate one or more output signals in response to the detected energy during use; 

and 

a processor coupled to ftts measur^ient device and configured to determine a first property and a second 
property of the specimen from the one or more output signals during use, wherein the first property 
conG^rises a presence of defects on the specimen, and wherein the second property comprises a thin Ska 
30 characteristic of the specimen. 

100. The system of claim 99, wherein the measurement device further comprises a non-imaging dark field 
device. 

35 101. The system of claim 99, wherein the measurement device further comprises a non-imagiag bright field 
device. 
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102. The system of claim 99, wherein the measurement device further conq^rises a non-imagizig dark field and 
bright field device. 



103 . The system of claim 99, wherein the measurement device fixrther conqsrises a double dark field device. 

104. The system of claim 99, wherein the measurement device further conq>rises a dark field imaging device. 

1 05. Hie system of claim 99, wherein the measurement device further con^rises a bright field imaging device. 

1 06. The system of claim 99, wherein the measurement device further comprises a dark field and bright field 
imaging device. 

107. The system of claim 99, wherein the measurement device furdier comprises a scatterometer. 

108. The system of claim 99, whereui the measurement device further comprises a spectroscopic scatterometer. 

109. The system of claim 99, wherein the measurement device further comprises an ellipsometer. 

110. The system of claim 99, whereia the measurement device further comprises a spectroscopic ellipsometer. 

111. The system of claim 99, wherein the measurement device further comprises a reflectometer. 

1 12. The system of claim 99, wherein the measiurement device fiirther comprises a spectroscopic refiectometer. 

1 13. The system of claim 99, wherein the measurement device further comprises a dual beam 
spectrophotometer. 

1 14. Hie system of claim 99, wherein the measurement device further comprises a beam profile ellipsometer. 

1 15. The system of claim 99, wherein the measurement device further comprises at least a first measurement 
device and a second measurement device, and wherein the first and second measurement devices are selected from 
the group consisting of a non-imaging dark field device, a non-imaging bright field device, a non-imaging daik 
field and bright field device, a double dark field device, a dark field imaging device, a bright field imaging device, 
a dark field and bright field imaging device, a scatterometer, a spectroscopic scatterometer, an ellipsometer, a 
spectroscopic ellipsometer, a refiectomet^, a spectroscopic refiectometer, a dual beam spectrophotometer, and a 
beam profile ellipsometer. 
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116, The system of claim 99, wherein the illuinmation system and the detection system coitq)rise non-optical 
components, and wherein the detected energy is responsive to a non-optical characteristic of the surface of the 
specimen. 

S 1 17. The system of claim 99, wherein the defects comprise micro defects and macro defects. 

118. The system of claim 99, wherein die defects comprise micro defects or macro defects. 

1 19. The system of claim 99, wherein the thin £Um characteristic con^rises a thickness of a copper fihn, and 
1 0 whereux the defects comprise voids in the copper film. 

120. The system of claim 99, wherein the defects comprise macro defects on a back side of the specimen, and 
wherein the macro defects comprise copper contamination. 

IS 121. The system of claim 99, wherein the processor is fiirther configured to detemiine a third property of the 
specimen from tlie one or more output signals during use, and wherein the third property is selected from the group 
consisting of a roughness of die specimen, a roughness of a layer on the spedmen, and a roughness of a feature of 
the specimen. 

20 1 22 . The system of claim 121, wherein the system is coupled to a process tool selected firom the group 
consisting of a lithography tool, an atomic layer deposition tool, a cleaning tool, and an etch tool 

123. The system of claim 99, wherein tiie system is coupled to a process tool, and wherein the process tool is 
selected from the group consisting of a lithography tool, an etch tool, an ion hi^lanter, a chemical-mechanical 

25 polishing tool, a deposition tool, a thermal tool, a cleaniiig tool, and a plating tool. 

1 24. A method for determining at least two properties of a specimen, comprising: 

disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
the measurement device coii^)rises an illumination system and a detection system; 

3 0 directing energy toward a surface of the specimen using the illumination system; 

detecting energy propagating from the surface of the specimen usmg the detection system; 
generating one or more ou^ut signals in response to the detected energy; and 
processing die one or more output signals to determine a first property and a second property of the 
specunen, wherein the first property comprises a presence of defects on the specimen, and wherem die 

35 second property comprises a thin film characteristic of the specimen. 

125. A computer-implemented method for controlling a system configured to determine at least two properties 
of a specimen during use, wherein the system comprises a measurement device, comprising: 
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controlling the measurement device, whezein the measurement device comprises an illumination system 
and a detection system, and wh^ein tiie measurement device is coupled to a stage, comprising: 

controlling the illumination system to direct energy toward a surface of the specimen; 

controlling the detection system to detect energy propagating from tiie sui&ce of the specimen; 

and 

generating one or more output signals responsive to the detected energy; and 
processing the one or more output signals to detemune a first property and a second property of the 
specimen, wherein the first property comprises a presence of defects on the specimen, and wherein the 
second property comprises a thin film characteristic of the specimen. 



10 



126. A semiconductor device fabricated by a method, the method comprising: 
forming a portion of the semiconductor device upon a specimen; 

disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
the measurement device conxprises an illumination system and a detection system; 

1 5 directing energy toward a surface of the specunen using the ilhunination system; 

detecting energy propagating fi:om tiie surface of the specimen using the detection system; 
generating one or more output signals in response to the detected energy; and 
processing the one or more output signals to determine a first property and a second property of the 
specimen, wherein the first property comprises a presence of defects on the specimen, and wherein the 

20 second property comprises a thin film characteristic of th.e specimeiL 

127. A method for fabricating a semiconductor device, comprising: 
forming a portion of the semiconductor device upon a specimen; 

disposing the specimen upon a stage, wherem the stage is coupled to a measurement device, and wherein 
25 the measurement device comprises an illumination system and a detection syst&m; 

directing energy toward a sur&ce of the specimen using the illumination system; 

detecting energy propagating firom the surface of the specimen usmg the detection system; 

generating one or more output signals responsive to the detected energy; and 

processing the one or more output signals to determine a first property and a second property of the 
30 specimen, wherein the first property comprises a presence of defects on the specimen, and wherein the 

second property comprises a thin fihn characteristic of the specimen. 

128. A system configured to determine at least two properties of a specimen during use, comprising: 
a stage configured to support the specimen during use; 

35 a measurement device coupled to the stage, cozriprising: 

an illumination system configured to direct energy toward a surface of fte specimen during use; 
and 
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a detection system coupled to the ilhunination system and configured to detect energy 
propagating from tiiie sor&ce of the specimen during use, wherein the measurement device is 
configured to generate one or more output signals responsive to tiie detected energy during use; 

a local processor coupled to the measurement device and configured to at least partially process tiie one or 

more output signals during use; and 

a remote controller computer coupled to the local processor, herein the remote controller computer is 
configured to receive the at least partially processed one or more output signals and to determine a first 
property and a second property of the specimen fi-om the at least partially processed one or more ou^ut 
signals during use, wherein the first property comprises a presence of defects on the specnnen, and 
wherein the second property comprises a thin fihn characteristic of the specimen. 

A method for determining at least two properties of a specimen, comprising: 

disposing die specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
the measurement device comprises an illumination system and a detection system; 
directing energy toward a surfiice of the specimen using the ilhimixiation system; 
detecting energy propagating firom the sur&ce of the specimen using the detection system; 
generating one or more ou^ut signals responsive to the detected energy, and 
processing the one or more output signals to determine a first property and a second property of the 
specimen, wherein the fust property comprises a presence of defects on the specimen, and wherein the 
second property comprises a thin film characteristic of the specimen, comprising: 

at least partially processing the one or more output signals using a local processor, wherein the 

local processor is coupled to tiie measurement device; 

siding the partially processed one or more output signals firom the local processor to a remote 
controller computer; and 

fiirtfaer processing the partially processed one or more output signals using tiie remote controller 
computer. 

A system configured to determine at least two properties of a specimen during use, con^rising: 
a stage configured to support the specimen during use; 
a measurement device coupled to the stage, comprising: 

an illumination system configured to direct energy toward a surface of the specimen during use; 

and 

a detection system coiq)led to the illumination system and configured to detect energy 
propagating fiom the surfiice of the specimen during use, wherein die measurement device is 
configured to generate one or more output signals in response to the detected energy during use; 
and 

a processor coupled to the measurement device and configured to determine a first property and a second 
property of the specimen firom the one or more output signals during use, wherein the first property 



162 



wo 02/25708 PCT/USOl/42251 
comprises a critical dimension of the specixnen, and wheiein the second property comprises a presence of 
defects on the specimea 

131. The system of claim 130, v^erein the measurement device furdier con^rises a non-imaging scatterometer. 

132. The system of claim 130, i»4iaein &e measurement device further comprises a scatterometer. 

133. The system of claim 130, wherein the measurement device further comprises a spectroscopic 
scatterometer. 

1 34. The system of claim 130, wherein the measurement device further conq)rises a reflectometer. 

135. The system of claim 130, wh^in the measurement device further comprises a spectroscopic 
reflectometer. 

136. The system of claim 130, wherein the measurement device further con^rises a coherence probe 
microscope. 

137. The system of claim 130, wheiein the measurement device furtiier conq)rises an ellipsometer. 

138. The system of claim 130, wherein the measurement device further comprises a spectroscopic ellipsometer. 

139. The system of claim 130, wherein the measurement device further conq;>rises a bright field imaging device. 

140. The system of claim 130, wherein the measurement device further compises a dark field imaging device. 

141. The system of claun 130, wherein the measurement device further comprises a bright field and dark field 
imaging device. 

142. The system of claim 130, wherein the measurement device further comprises a non-hnaging bright field 
device. 

143. The system of clakn 130, wherem tiie measurement device further comprises a non-imaging daric field 
device. 

144. The system of daim 130, wherein tiie measurem^t device furth^ coxxiprises a non-imagiiig bright field 
and dark field device. 
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145. Hie system of claim 130, wherein the measurement device further comprises at least a first measurement 
device and a second measurement device, and wherein the first and second measurement devices are selected firom 
the group consistmg of a non-imagmg scatterometer, a scatterometer, a spectroscopic scatterometer, a 
reflectometer, a spectroscopic reflectometer, a coherence probe microscope, an ellipsometer, a spectroscopic 

5 ellipsometer, a bright field imaging device, a dark field imaging device, a bright field and dark field imaging 

device, a non-imaging bright field device, a non-imaging dark field device, and a non-imaging bright field and dark 
field device. 

146. The system of claim 1 30, wherein the defects con^rise micro defects and macro defects. 

10 

147. The system of claim 130, wherein the defects comprises micro defects or macro defects. 

148. The system of claim 130, wherein the illumination system is further configured to direct energy toward a 
bottom sur&ce of the specimen during use, wherein the detection system is fiirther configured to detect energy 

1 5 propagating from the bottom sur&ce of ihs specimen during use, and wherein the second property further 
comprises a presence of defects on the bottom sur^ice of tiie specimen. 

149. The system of claim 148, wherein the defects comprise macro defecte. 

20 1 50. The system of claim 130, wherein the processor is further configured to determine a third property of the 
specimen from the one or more output signals during use, and wherein the third property is selected from the group 
consisting of a roughness of the specimen, a roughness of a layer on the specimen, and a roughness of a feature of 
the specimen. 

25 151. The system of claim 150, wherein the system is coi^led to a process tool selected from the group 
consisting of a lithography tool, an atomic layer deposition tool, a cleaning tool, and an etch tool. 

152. A method for determining at least two properties of a specimen, con^rising: 

disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 

30 the measurement device comprises an illumination system and a detection system; 

directing energy toward a surface of the specimen using the illumination system; 

detecting energy propagating from the surface of the specimen using the detection system; 

generating one or more output signals responsive to the detected energy; and 

processing the one or more output signals to determine a first property and a second property of the 

3 5 specimen, wherein the first property coiiq)rises a critical dimension of the specimen, and wherein the 

second property comprises a presence of defects on the specimen. 
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153. A computer-m^lemeoted method for controlling a system configured to determine at least two properties 
of a specimen during use, wherein the system comprises a measuiement device, comprising: 

controlling the measurement device, wherein the measurement device comprises an Uluniination system 
and a detection system, and wherein the measurement device is coupled to a stage, comprising: 
S controlling the illumination system to direct energy toward a surface of the specimen; 

controlling the detection system to detect energy propagating firom the surface of die specimen; 
and 

generating one or more output signals responsive to the detected energy; and 
processing the one or more output signals to detemaine a first property and a second property of the 



1 0 specimen, wherein the first property conqprises a critical dimension of the specimen, and wherein the 

second property comprises a presence of defects on the specimen. 

1 54. A semiconductor device fabricated by a method, the method con^rising: 
forming a portion of the semiconductor device upon a specimen; 
1 S disposing the specimen upon a stage, wherein die stage is coupled to a measurement device, and wherein 



the measuremeiit device comprises an illumination system and a detection systen^ 
directing energy toward a surface of the specimen using the illumination system; 
detecting energy propagating from the surface of the specimen xising the detection system; 
generating one or more output signals responsive to the detected energy; and 



20 processing the one or more output signals to determine a first property and a second property of the 

specimen, wherein the first property comprises a critical dimension of the portion of the specimen, and 
wherein the second property comprises a presence of defects on the portion of the specimen. 

1 55. A method for febricating a semiconductor device, comprising: 
25 forming a portion of the semiconductor device upon a specimen; 



disposing the specimen upon a stage, wherein die stage is coupled to a measurement device, and wherein 
the measurement device comprises an illumination system and a detection system; 
directing energy toward a surface of the specimen using tlie ilhunination system; 
detecting energy propagating from the sux&ce of the specimen using the detection system; 
30 generating one or more output signals responsive to tiie detected energy; and 

processing the one or more output signals to determine a first property and a second property of the 
specimen, wherein the first property comprises a critical dimension of the specimen, and wherein the 
second property comprises a presence of defects on the portion of the specimen. 

35 156. A system configured to determine at least two properties of a specimen during use, comprising: 
a stage configured to support the specimen during use; 
a measurement device coupled to die stage, con^>rising: 
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an iUumination system configuied to direct energy toward a surface of &e specimen during use; 
and 

a detection system coupled to the illumination system and configured to detect energy 
propagating from the surface of the specimen during use, wherein the measurement device is 
S configured to generate one or more oulput signals responsive to the detected energy during use; 

a local processor coupled to tiie measurement device and configured to at least partially process the one or 

more output signals during use; and 

a remote controller computer coupled to the local processor, wherein the remote controller computer is 
configured to receive the at least partially processed one or more output signals and to determine a first 
1 0 property and a second property of the specimen from the at least partially processed one or more output 

signals during use, wherein the first property conq)rises a critical dimension of the specimen, and wherein 
the second property comprises a presence of defects on the specimen. 

A method for deterinining at least two properties of a specimen, comprising: 

disposing the specimen upon a stage, wherein the stage is coupled to a measuren:ient device, and wherein 
the measurement device comprises an illumination system and a detection system; 
directing energy toward a surface of the specimen using the illumination system; 
detecting energy propagating from the sur&ce of the specimen using the detection system; 
generating one or more output signals in response to the detected energy; and 
processing the one or more output signals to determine a first property and a second property of the 
specimen, wherein the first property comprises a critical dimension of the specimen, and wherein the 
second property comprises a presence of defects on the specimen, con^rising: 

at least partially processing the one or more output signals using a local processor, wherein flie 
local processor is coupled to the measurement device; 

sending the partially processed one or more output signals from the local processor to a remote 
controller conputer; and 

further processing the partially processed one or more output signals using the remote controller 
computer. 

30 1 58. A system configured to determine at least two properties of a specimen during use, conprismg: 
a stage configined to support the specimen during use; 
a measurement device coupled to the stage, con:q)rising: 

an illumination system configured to direct energy toward a surface of the specimen during use; 

and 

35 a detection system coupled to the illumination system and configured to detect energy 

propagating from the surface of the specunen during use, wherein themeasurement device is 
configured to generate one or more ou^ut signals in response to the detected energy during use; 
and 
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a processor coupled to fte measurement device and configured to detemine a first property and a second 
property of the specimen fit>m the one or more output signals during use, wherein the first property 
comprises a critical dimension of the specimen, and wherein the second property comprises a diin film 
characteristic of the specimen. 

159. The system of claim 158, wherem die measurement device fiulher conQ)rises a non-imaging scatterometer. 

1 60. The system of claim 1 58, wherein the measurement device fiirther comprises a scatterometer. 

161. The system of claun 158, wherein the measurement device further comprises a spectroscopic 
scatterometer, 

162. The system of claim 158, wherein fhe measurement device further cozrqprises a reflectometer. 

163. The system of claim 158, wherein Ihe measurement device further con^rises a spectroscopic 
refiectometer. 

164. The system of claim 158, wherein the measurement device further comprises a coherence probe 
microscope. 

165. The system of claim 158, wherein the measurement device further comprises a bright field imaging device. 

166. The system of claim 158, wherein tiie measurement device further coniprises a dark field imaging device. 

167. Tlie system of claim 158, wherein the measurement device further comprises a bright field and dark field 
imagii^ device. 

168. The system of claim 158, wherein the measurement device further coniprises an elHpsometer. 

1 69. The system of claim 158, wherein the measurement device further con:q)rises a spectroscopic elHpsometer. 

170. The system of claim 158, wherein the measurement device further comprises a dual beam 
spectrophotometer. 

171 . The system of claim 158, \^erein the measurement device further con^nises a beam profile elli^someter. 

172. The system of claim 158, wherein the measurement device furtiier comprises at least a first measurement 
device and a second measurement device, and wherein die first and second measurement devices are selected fiom 
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the group consistiiig of a non-imaging scatteiometer, a scatterometer, a spectroscopic scatterometer, a 
reflectometer, a spectroscopic reflectometer, a coheirace probe microscope, a bright field imaging device, a dark 
field imaging device, a bright field and dark field imaging device, an ellipsometer, a spectroscopic ellipsometer, a 
dual beam spectrophotometer, a beam profile ellipsometer, a photo-acoustic device, and a grating X-ray 
5 reflectometer. 

173. The system of claim 158, wherein the illumination system and the detection system comprise non-optical 
components, and wherein the detected energy is responsive to a non-optical characteristic of the surface of the 
specimen. 

10 

1 74. The system of claim 158, wherein the measurement device further comprises at least an eddy current 
device and a spectroscopic ellipsometer. 

1 75. The system of claim 158, wherein die measuiement device further comprises at least an eddy current 
1 5 device and a spectroscopic ellipsometer, and wherein die system is coiq)led to an atomic layer deposition tool. 

176. Tlie system of claim 158, wherein die processor is further configured to determine a third property of the 
specimen from the one or more output signals during use, and wherein the third property is selected fiom the group 
consisting of a roughness of the specimen, a roughness of a layer on the specimen, and a roughness of a feature of 

20 the specimen. 

177. The system of claim 17 16, wherein the system is coupled to a process tool selected fi:om the group 
consisting of a lithography tool, an atomic layer deposition tool, a cleaning tool, and an etch tool. 

25 178. The system of claim 158, wherein Ifae system is coupled to a process tool, and wherein the process tool is 
selected from the group consisting of a Uthography tool, an etch tool, and a deposition tool. 

179. A method for determining at least two properties of a specimen, comprising: 

disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 

30 the measurement device comprises an illumination system and a detection system; 

dhecting energy toward a sur&ce of the specimen using the illumination system; 

detecting energy propagating &om the sur&ce of die specimen usmg tiie detection systen^ 

generating one or more output signals in response to die detected energy; and 

processing the one or more output signals to determme a first property and a second property of die 

35 specim^ wherein the first property comprises a critical dimension of the specimen, and wherein die 

second property comprises a thin film characteristic of the specimen. 
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1 80. A con^)uteT-in:^lexnented metiiod for controlling a system configured to determine at least two properties 
of a specimen during use, wherein the system comprises a measurement device, comprising: 

controlling the measurement device, wherein die measurement device con^rises an illumination system 
and a detection system, and wherein the measurement device is coupled to a stage, conqirising: 
5 controlling the ilhunination system to direct energy toward a surface of the specimen; 

controlling the detection system to detect energy propagating from the suri^ of &e gpedmei^ 

and 

generating one or more output signals responsive to the detected energy; and 
processing the one or more output signals to determine a first property and a second property of the 
1 0 specimen, wherein the first property comprises a critical dimension of the specimen, and wherein tiie 

second property comprises a thin film characteristic of the specimen. 

181. A semiconductor device fahricated by a method, the method comprising: 
forming a portion of the semiconductor device upon a specimen; 

1 5 disposing die specimen upon a stage, wherem the stage is coiq)led to a measurement device, and wherein 

^e measurement device comprises an illumination system and a detection system; 

directing energy toward a surface of the specimen using the illumination system; 

detecting energy propagating fi:om the surface of the specunen using the detection system; 

generating one or more output signals in response to the detected energy; and 
20 processing the one or more output signals to determine a first property and a second property of the 

specimen, wherein the first property comprises a critical dimension of the specimen, and wherein the 

second property comprises a thin film characteristic of the specimen. 

1 82. A method for &bricating a semiconductor device, comprising: 
25 forming a portion of the semiconductor device upon a specimei^ 

disposmg the specimen upon a stage, wherein the stage is coiq)led to a measurement device, and wherein 
the measurement device comprises an illumination system and a detection system; 
directing ^ergy toward a surface of the specimen using the illumination system; 
detecting energy propagating firom the sur&ce of the specimen using tiie detection system; 
30 generating one or more output signals in response to the detected energy; and 

processing the one or more output signals to determine a first property and a second property of the 
specimen, wherein the first property comprises a critical dimension of the specimen, and wherein the 
second property comprises a thin fihn characteristic of die specimen. 

35 183. A system configured to determme at least two properties of a specimen during use, comprising: 
a stage configured to support the specimen during use; 
a measurement device coupled to the stage, conq)rising: 
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an iUumination system configuxed to direct energy toward a sur&ce of the specimen during use; 
and 

a detection system coupled to the illumination system and configured to detect energy 
propagating from die surface of die specimen during use, wherein the measurement device is 
S configured to generate one or more output signals responsive to the detected energy; 

a local processor coupled to the measurement device and configured to at least partially process the one or 
more output signals during use; and 

a remote controller computer coupled to the local processor, wherein the remote controller computer is 
configured to receive the at least partially processed one or more output signals and to detemiine a first 
1 0 property and a second property of tiie specimen from the at least partially processed one or more output 

signals during use, wherein die first property comprises a critical dimension of the specimen, and wherein 
die second property comprises a thin film characteristic of the specimen. 

A method for determining at least two properties of a specimen, comprising: 

disposing the specimen upon a stage, wherein die stage is coupled to a measur^nent device, and wherein 
the measurement device conq)rises an illumination system and a detection system; 
directing eneigy toward a surface of the specimen using the illumination system; 
detecting energy propagating from the surface of the specimen using the detection system; 
generating one or more output signals responsive to the detected energy; and 
processing the one or more output signals to determine a first property and a second property of the 
specimen, wherein the first property comprises a critical dimension of the specimen, and wherein the 
second property comprises a thin fihn characteristic of die specimen, comprising: 

at least partially processing die one or more ou^ut signals using a local processor, wherein the 
local processor is coupled to the measurement device; 

sending the partially processed one or more output signals from the local processor to a remote 
controller conoputer; and 

fiulher processing the partially processed one or more ou^ut signals using the remote controller 
conq)uter. 

30 185. A system configured to determine at least three properties of a specimen during use, comprising: 
a stage configured to support the specimen during use; 
a measurement device coupled to the stage, comprising: 

an illumination system configured to direct energy toward a surface of the specimen during use; 
and 

35 a detection system coupled to the illumination system and configured to detect energy 

propagating fix>m the sur&ce of die specimen during use, wherein the measurement device is 
configured to generate one or more ou^ut signals in response to the detected energy during use; 
and 



184. 
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a processor coupled to the measurement device and configuied to determine a first property, a second 
property, and a third property of the specimen firom the one or more output signals during use, wherein the 
first property comprises a critical dimension of the specimen, wherein the second property comprises a 
presence of defects on the specimen, and wherein the third property comprises a thin fihn characteristic of 
5 the specimen. 

1 86. The system of claim 1 85, wherein the measurement device further comprises a non-imaging scatterometer. 

187. The system of claim 185, wherein the measurement device fiirther comprises a scatterometer. 

10 

188. The system of claim 185, wherein the measurement device further comprises a spectroscopic 
scatterometer. 

189. The system of claim 185, wherein die measurement device fiuther conqnises a reflectometer. 

15 

190. The system of claim 185, wherein the measurement device further con:^>rises a spectroscopic 
reflectometer. 

191. The system of claim 185, wherein the measurement device &rther comprises a coherence probe 
20 microscope. 

192. The system of claim 1 85, wherein the measurement device furdier comprises a bright field imaging device. 

193. The system of claim 185, wherein the measurement device further comprises a dark field imaging device. 

25 

194. The system of claim 185, wherein the measurement device further comprises a bright field and dark field 
imaging device. 

195. The system of claim 185, wherein the measurement device further comprises a non-imaging bright field 
30 device. 

196. The system of claim 1 85, wherein the measurement device further conq)rises a non-imagmg dark field 
device. 

35 197. The system of claim 185, wherem the measurement device furtiicr comprises a non-imaging bright field 
and dark field device. 

198. The system of claim 1 85, wherein the measurement device further comprises an ellipsometer. 
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199. The system of claim 1 85, wherein the measurement device further comprises a spectroscopic ellipsometer. 



200. Hie system of claim 1 85, wherein the measurement device fiirdier comprises a dual beam 
spectrophotometer. 

5 

201 . The system of claim 1 85, wherein ^ measurement device further comprises a beam profile ellipsometer. 

202. The system of claim 1 85 , wherein the measurement device further coinprises at least a first measurement 
device and a second measurement device, and wherein die first and second measurement devices are selected fiom 

10 the group consisting of a non-imaging scatterometer, a scatterometer, a spectroscopic scatterometer, a 

reflectometer, a spectroscopic reflectometer, a coherence probe roicroscope, a bright field imaging device, a dark 
field imaging device, a bright field and dark field imaging device, a non-imaging bright field device, a non-imaging 
dark field device, a non-imaging bright field and dark field device, an ellipsometer, a spectroscopic ellipsometer, a 
dual beam spectrophotometer, and a beam profile ellipsometer. 

15 

203. The system of claim 185, wherein die defects comprise micro defects and macro defects. 

204. The system of daim 1 85, wherem the defects comprises micro defects or macro defects. 

20 205. The system of claim 185, wherein the thin fihn characteristic comprises a thickness of a copper film, and 
wherein the defects comprise voids in the copper fihn. 

206. Hie system of claim 1 85, wherein the defects comprise macro defects on a back side of &e specimen, and 
wherein the macro defects comprise copper contamination. 

25 

207. The system of claim 185, wherein the processor is further configured to determine a fourth property of the 
specunen firom the one or more output signals during use, and wherein the fourdi property is selected from the 
group consisting of a roughness of the specimen, a roughness of a layer on the specimen, and a roughness of a 
feature of the specimen. 

30 

208. Tlie system of claun 207, wherein the system is coupled to a process tool selected from the group 
consistuig of a lithography tool, an atomic layer deposition tool, a cleaning tool, and an etch tool. 

209. The system of claim 1 85, wherein the ilhmunation system is further configured to direct energy toward a 
35 bottom surface of the specimen during use, wherein the detection system is further configured to detect energy 

propagating from the bottom surface of the specimen during use, and wherein the second property further 
comprises a presence of defects on the bottom surface of the specimen. 
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210. The system of claim 209, wherein the defects comprise macro defects. 



211. The system of claim 185, wherein fte iUimiination system and the detection system con^rise non-optical 
components, and wherein the detected energy is responsive to a non-optical characteristic of the sudfoce of the 

S specimen. 

212. The system of claim 185, wherein the measurement device further conq>rises at least an eddy current 
device and a spectroscopic ellipsometer. 

10 213. The system of claim 1 85, wherein the measurement device further comprises at least an eddy current 
device and a spectroscopic ellipsometer, and wherein the system is coupled to an atomic layer deposition tool. 

2 14. The system of claim 1 85, wherein the system is further configured to detemune at least three properties of 
the specimen substantially simultaneously during use. 

15 

215. The system of claim 185, wherein the system is coupled to a process tool, and wherein the process tool is 
selected &om ike group consisting of a lithography tool, an etch tool, and a deposition tool. 

216. A method for determining at least three properties of a specimen, comprising: 

20 disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 

the measmrement device comprises an illumination system and a detection systemi; 

directing energy toward a sur&ce of the specimen using the illumination system; 

detecting energy propagating from die surface of the specimen using the detection system; 

generating one or more output signals responsive to the detected eneigy; and 
25 processing the one or more output signals to determine a first property, a second property, and a third 

property of the specimen, wherem the first property comprises a critical dimension of the specunen, 

wherein the second property comprises a presence of defects on the specimen, and wherein tiie third 

property comprises a thin fihn characteristic of the specimen. 

30 217. A computer-implemented method for controlling a system configured to determine at least three properties 
of a specimen during use, wherein the system conpises a measurement device, con^rising: 

controlling the measurement device, wherein the measurement device comprises an illumination system 
and a detection system, and whereiu the measurement device is coupled to a stage, conq>rishig: 
controlling the illumination system to direct energy toward a sur&ce of the specimen; 
35 controlling the detection system to detect eneigy propagating from the surfiice of the specimen; 

and 

generating one or more output signals in response to the detected energy; and 
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processing the one or more output signals to determine a first property, a second property, and a third 
property of the specimen, wherein the first property comprises a critical dimension of tibe specimen, 
wherein the second property comprises a presence of defects on the specimen, and wherein the third 
property conpises a thin fihn characteristic of the specimen. 

218. A semiconductor device fabricated by a method, the method comprishig: 
forming a portion of the semiconductor device upon a specimen; 

disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
the measurement device comprises an illumination system and a detection system; 
directing energy toward a surface of the specimen using ihe illuroination system; 
detecting energy propagating from the surface of the specimen using the detection system; 
generating one or more oulput signals responsive to the detected en^igy; and 
processing the one or more output signals to detemsine a first property, a second property, and a third 
property of the specimen, wherein the first property comprises a critical dimension of the specimen, 
wherein the second property conq)rises a presence of defects on die specimen, and wherein the durd 
property comprises a thin fUm characteristic of the specimen. 

219. A method for fabricating a semiconductor device, comprising: 
forming a portion of the semiconductor device upon a specimen; 

disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
the measurement device comprises an illumination system and a detection system; 
directing energy toward a surface of the specimen using die illumination system; 
detecting energy propagating from the surface of the specimen using the detection systeix^ 
generating one or more oulput signals responsive to the detected energy; and 
processing the one or more oulput signals to determine a first property, a second property, and a third 
property of the specunen, wherein the first property cono^rises a critical dimension of the specunen, 
wherein the second property comprises a presence of defects on the specimen, and wherein die third 
property comprises a thin film characteristic of the portion of the specimen. 

220. A system configured to determine at least three properties of a specimen during use, comprising: 
a stage configured to support die specunen durmg use; 

a measurement device coupled to the stage, comprising: 

an illumination system configured to direct energy toward a surface of the specimen during use; 
and 

a detection system coupled to the illumination system and configured to detect energy 
propagating from the sur&ce of the specimen during use, wherein the measurement device is 
configured to generate one or more output signals responsive to the detected energy during use; 
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a local processor coupled to the measurement device and configured to at least partially process the one or 
more output signals during use; and 

a remote controller conq)uter coq)led to fhe local processor, wherein the remote controller conoqputer is 
configured to receive the at least partially processed one or more output signals and to determine a first 
5 property, a second property, and a third property of the specimea fmm &e at least partially processed one 

or more output signals duriiig use, wherem the first property comprises a critical dimension of the 
specimen, wherem the second property comprises a presence of defects on fiie specimen, and wherein the 
third property conq)rises a diin film characteristic of the specunen. 

10 22 1 . A method for determining at least three properties of a specimen, comprising: 

disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
the measurement device comprises an illumination system and a detection system; 
directing energy toward a surface of the specimen using fhe illumination system; 
detecting energy propagating fi:om the surface of &e specimen usmg the detection system; 

1 5 generating one or more output signals responsive to the detected energy; and 

processing die one or more output signals to detemiine a first property, a second property, and a third 
property of the specimen, wherein die first property con:q)rises a critical dimension of the specimen, 
wherein the second property comprises a presence of defects on die specimen, and wherein the third 
property comprises a thin film characteristic of the specimen, comprising: 

20 at least partially processing the one or more output signals using a local processor, wherein the 

local processor is coupled to the measurement device; 

sending the partially processed one or more output signals from the local processor to a remote 
controller computer; and 

fijrdier processing fhe partially processed one or more ou^t signals usmg the remote controller 
25 computer. 

222. A system configured to determine at least two properties of a specimen during use, comprising: 
a stage configured to support fhe specimen during use; 
a measurement device coupled to the stage, comprising: 
30 an illumination system configured to direct energy toward a surface of the specimen during use; 

and 

a detection system coupled to the illumination system and configured to detect energy 
propagating fix)m tihe surface of the specimen during use, wherein the measurement device is 
configured to generate one or more output signals responsive to the detected energy during use; 
35 and 

a processor coupled to the measurement device and configured to determine a first property and a second 
property of the specimen fi:om the one or more ou^ut signals during use, wherein the first property 
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comprises a presence of macro defects on ^e specimen, and wherein tiie second property comprises a 
presence of micro defects on the specimen. 

223 The system of claim 222, wherein the measurement device further comprises a non-imaging scatterometer. 

224. The system of claim 222, wherein the measurement device further comprises a scatterometer. 

225. The system of claim 222, wherein the measurement device further comprises a spectroscopic 
scatterometer. 

226. The system of claim 222, wherein the measurement device further comprises a reflectometer. 

227. The system of claim 222, wherein the measurement device further con^rises a spectroscopic 
reflectometer. 

228. The system of claim 222, wherein the measurement device further comprises an ellipsometer. 

229. The system of claim 222, wherein the measurement device further comprises a spectroscopic ellipsometer. 

230. The system of claim 222, wherein the measurement device further comprises a bright field imaging device. 

23 1 . The system of claim 222, wherein the measurement device further comprises a dark field imaging device. 

232. The system of claim 222, wherein the noeasurement device further comprises a bright field and dark field 
imaging device. 

233. The system of claim 222, wherein the measurement device further comprises a non-imagiog bright field 
device. 

234. The system of claim 222, wherein the measurement device further comprises a non-imaging dark field 
device. 

235. The system of claim 222, wherein the measurement device further comprises a non-imagmg brigiht field 
and dark field device. 

236. The system of claim 222, wherein the measurement device further comprises a double dark field device. 
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237. Hie system of claim 222, wherein tiie measuiement device furdier conq)rises at least a first measurement 
device and a second measurement device, and wherein the first and second measurement devices are selected firom 
the group consistiag of a non-imaging scatterometer, a scatterometer, a spectroscopic scatterometer, a 
reflectometer, a spectroscopic reflectometer, an ell:q)Somet6r, a spectroscopic ellqisometer, a bright field imaging 
5 device, a dark field imaging device, a bright field and dark field imaging device, a non-imaging bright field device, 
a non-imaging dark field device, a non-imaging bright field and dark field device, a double dark field device, an X- 
ray reflectometer, an X-ray fluorescence device, an optical fluorescence device, an eddy current imaging device, 
and a relatively large spot e-beam device. 

10 238. The system of claim 222, wherein the processor is further configured to determine a third property from 
the one or more output signals during use, wherein the third property comprises a tibickness of a copper film, and 
wherein the macro defects or the micro defects comprise voids m &e copper film. 

239. The system of claim 222, wherem tiie macro defects comprise copper contamination on a back side of die 
15 specimen. 

240. The system of claim 222, wherein the processor is further configured to determine a third property of die 
specimen from the one or more output signals during use, and wherein the third property is selected from the group 
consisting of a roughness of the specimen, a roughness of a layer on the specimen, and a roughness of a feature of 

20 the specimen. 

241 . The system of claim 240, wherein the system is coupled to a process tool selected from the group 
consisting of a lithogmphy tool, an atomic layer deposition tool, a cleamng tool, and an etch tool. 

25 242. The system of claim 222, wherem the illumination system is further configured to direct energy toward a 
bottom sur&ce of die specimen during use, wherein the detection system is further configured to detect energy 
propagating fix)m the bottom surface of the specimen during use, and wherein die first property further comprises a 
presence of macro defects on the bottom surface of the specimen. 

30 243. The system of claim 222, wherein the system is coupled to a process tool, and wherein the process tool is 
selected from the group consisting of a lithography tool, an etch tool, an ion implanter, a chemical-mechanical 
polishing tool, a deposition tool, a thermal tool, a cleaning tool, and a plating tool. 

244. A method for determining at least two properties of a specimen, coniprising: 
* 35 disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 

the measurement device conq)rise5 an ilhunination system and a detection system; 
directing energy toward a sur&ce of the specimen using the illumination system; 
detecting energy propagating &om the surface of the specimen using the detection system; 
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generating one or more oi^put signals responsive to &e detected energy; and 
processing the one or more output signals to detennine a first property and a second property of flie 
specimen, wherein the first property comprises a presence of macro defects on fhe specimen, and wherein 
the second property conq)rises a presence of micro defects on tiie specimen. 

5 

245 . A computer-implemented method for controlling a system configured to detennine at least two properties 
of a specimen during use, wherein the system comprises a measurement device, comprising: 

controlling the measurement device, wherein &e measurement device comprises an illimiination system 
and a detection system, and wherein the measurement device is coupled to a stage, comprising: 
10 controlling the illumination system to direct energy toward a surface of the specimen; 

controlling the detection system to detect energy propagating from the surface of the specimen; 

and 

generating one or more output signals responsive to the detected energy; and 
processing the one or more output signals to determine a first property and a second property of the 
1 S specimen, wherein the first property con^)rises a presence of macro defects on the specunen, and wherein 

the second property conq)rises a presence of micro defects on the specimen. 

246. A semiconductor device fabricated by a method, the metiiod comprising: 
forming a portion of the semiconductor device upon a specimen; 

20 disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 

the measurement device comprises an illumination system and a detection system; 
directing energy toward a surface of the specimen using the illumination system; 
detecting energy propagating &om &e sur&ce of the specimen using the detection system; 
generating one or more output signals in response to the detected energy; and 

25 processing the one or more output signals to determine a first property and a second property of the 

specimen, wherein the first property comprises a presence of macro defects on the specimen, and wherein 
the second property comprises a presence of micro defects on the specimen. 

247. A method for fabricating a semiconductor device, con:q>rising: 
30 forming a portion of the semiconductor device upon a specimen; 

disposing the specimen upon a stage, wherem the stage is coupled to a measurement device, and wherein 
the measurement device comprises an illumination system and a detection system; 
directing energy toward a surface of the specimen using the illumination system; 
detecting energy propagating from the surface of the specimen using the detection system; 
35 generating one or more output signals responsive to the detected energy; and 

processing the one or more output signals to determine a first property and a second property of the 
specimen, wherein the first property comprises a presence of macro defects on the specimen, and wherein 
the second property comprises a presence of miox) defects on the specimen. 
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248. A syst&m configured to determine at least two properties of a specimen during use, comprising: 
a stage configured to support the specimen during use; 

a measurement device coupled to the stage, con^rising: 

an illumination system configured to direct energy toward a surface of the specimen during use; 
and 

a detection system coupled to the illumination system and configured to detect energy 
propagating from the surface of the specimen during use, wherein the measurement device is 
configured to generate one or more output signals responsive to the detected energy; 

a local processor coupled to the measurement device and configured to at least partially process the one or 

more output signals during use; and 

a remote controller computer coupled to the local processor, wherein the remote controller computer is 
configured to receive the at least partially processed one or more output signals and to determine a first 
property and a second property of the specimen from the at least partially processed one or more ou^ut 
signals durmg use, wherein the first property comprises a presence of macro defects on the specimen, and 
wherem the second property comprises a presence of micro defects on the specimen. 

249. A method for determining at least two properties of a specimen, comprising: 

disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
the measurement device comprises an illumination system and a detection system; 
directing energy toward a surface of the specimen using the illumination system; 
detecting energy propagating from the surface of the specimen using the detection system; 
generating one or more output signals responsive to the detected energy; and 
processing die one or more output signals to determine a first property and a second property of the 
specimen, wherein the first property comprises a presence of macro defects on the specimen, and wherein 
the second property coniprises a presence of micro defects on the specimen, comprising: 

at least partially processing tiie one or more ou^ut signals using a local processor, wherein the 

local processor is coupled to the measurement device; 

sending die partially processed one or more output signals from the local processor to a remote 
controller computer; and 

frirther processing the partially processed one or more output signals using the remote controller 
conqjuter. 

250. A system configured to determine at least three properties of a specimen during use, comprising: 
a stage configured to support the specimen during use; 

a measurement device coupled to the stage, conq>rising: 

an illumination system configured to direct energy toward a surface of the specimen during use; 
and 
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a detection system coupled to the illumination system and configured to detect energy 
propagating from tiie sui&ce of the specimen dming use, wherein the measurement device is 
configured to generate one or more output signals responsive to &e detected energy during use; 
and 

a processor coiq)led to the measurement device and configured to determine a first property, a second 
property, and a third property of the specimen from die one or more output signals during use, wherein the 
furst property comprises a flatness measurement of the specimen, wherein the second property conq>rises a 
presence of defects on the specimen, and wherein the third property con:q>rises a thin film characteristic of 
the specimen. 

25 1 . The system of claim 250, wherein the measurement device fiirther conqirises an optical profilometer. 

252. Hie system of claim 250, wherein the measurement device fiirther cono^rises an interferometer. 

15 253 . The system of claim 250, wherein the measurement device fiirther comprises a spectroscopic 
reflectometer. 

254. The system of claim 250, wherein the measurement device fiirther conq)rises a spectroscopic ellipsometer. 

20 255. The system of claim 250, wherein the measurement device fiirther comprises a dual beam 
spectrophotometer. 

256. The system of claim 250, wherein the measurement device fiirther coixq)rises a beam profile ellipsometer. 
25 257. The system of claim 250, wherem the measurement device fiirdier conq)rises a non-imagmg scatterometer. 

258. The system of claim 250, wherein the measurement device fiirther comprises a scatterometer. 

259. The system of claim 250, wherein the measurement device fiirther conq)rises a spectroscopic 
30 scatterometer, 

260. The system of claim 250, wherein the measurement device fiirther comprises a reflectometer. 

26 1 . The system of claim 250, wherein the measurement device fiirther con:q)rises an ellipsometer. 

35 

262. The system of claim 250, wherem the measurement device fiirther comprises a bright field imaging device. 

263. Hie system of claim 250, wherein the measurement device fiulher comprises a dark field imagmg device. 
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264. The system of claim 250, wherein the measurement device further conqirises a bright field and dark field 
imaging device. 



265. The system of claim 250, wherein the measurement device further conqirises a non-imaging bright field 
5 device. 

266. The system of claim 250, wherein the measurement device further con^rises a non-imaging dark field 
device. 

1 0 267. The system of claim 250, wherein the measurement device further comprises a non-imaging bright field 
and dark field device. 

26S. The system of claim 250, wherein the measurement device further coixq>rises a double dark field device. 

1 5 269. The system of claim 250, wherein the measurement device furflier coinprises at least a first measurement 
device and a second measurem^t device, and wheiein die first and second measurement devices are selected fiom 
the group consisting of an optical profilometer, an interferometer, a spectroscopic refiectometer, a spectroscopic 
ellipsometer, a dual beam spectrophotometer, a beam profile ellipsometer, a non-imiagiag scatterometer, a 
scatterometer, a spectroscopic scatterometer, a refiectometer, an ellipsometer, a bright field imaging device, a dark 

20 field imaging device, a bright field and dark field imaging device, a non-imaging bright field device, a non-imaging 
dark field device, a non-imaging bright field and dark field device, and a double dark field device. 

270. The system of claim 250, wherein the defects comprise micro defects and macro defects. 

25 271 . The system of claim 250, wherein the defects comprises micro defects or macro defects. 

272. The system of claim 250, wherein the thin film characteristic comprises a thickness of a copper film, and 
wherein the defects comprise voids in the copper film. 

30 273. The system of claim 250, wherein the defects con^rise copper contamination on a back side of the 
specimen. 

274, The system of claim 250, wherein the processor is further configured to determine a fourth property of the 
specimen fi'om the one or more output signals during use, and wherein the fomth property is selected fiom flie 
35 groiQ) consisting of a roughness of the specimen, a rougihness of a layer on the specimen, and a roughness of a 
feature of the specimen. 
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275, Hie system of claim 274, wherein the system is coupled to a process tool selected from the group 
consisting of a lithography tool, an atomic layer deposition tool, a cleaning tool, and an etch tool. 



10 



276. The system of claim 250, wherein the illumination system is furdier configured to direct energy toward a 
bottom surface of the specimen during use, wherein the detection system is further configured to detect energy 
propagating from tiie bottom surface of the specimen during use, and wherein the second property further 
comprises a presence of defects on the bottom suiface of the specimen. 

277. The system of claim 276, wherein the defects con^nse macro defects. 

278. The system of claim 250, wherein the illumination system and the detection system con^rise non-optical 
components, and wherein the detected energy is responsive to a non-optical characteristic of the specimen. 

279. The system of claim 250, whereia the system is coiq)led to a process tool, and wherein the process tool is 
1 5 selected from the group consisting of a lithography tool, an etch tool, a chemical-mechanical polishing tool, and a 

thermal tool. 

280. A method for deteiminmg at least three properties of a specimen, conq}rising: 

disposfflg the specimen \xpon a stage, wherein the stage is coupled to a measurement device, and wherem 
20 the measurement device comprises an illumination system and a detection system; 

directing energy toward a surface of the specimen using the illumination system; 

detecting energy propagating from the surface of the specimen using the detection system; 

generating one or more output signals responsive to the detected energy; and 

processing the one or more output signals to detennine a first property, a second property, and a third 
25 property of the specimen, wherem the fiist property comprises a flatness measurement of the specimen, 

wherein the second property comprises a presence of defects on tiie specimen, and wherein the third 

property comprises a thin film characteristic of the spedmen. 

281. A computer-implemented noethod for controllmg a system configured to determine at least &ee properties 
30 of a specimen during use, wherein tiie system comprises a measurement device, conogprising: 

controlling the measurement device, wherein the measurement device comprises an illumination system 
and a detection system, and wherein the measurement device is coupled to a stage, comprising: 

controlling the illumination system to direct energy toward a surface of the specimen; 

controlling the detection system to detect energy propagating from the surface of the specimen; 
35 and 

generating one or more output signals responsive to the detected energy; and 
processing the one or more output signals to detemune a first property, a second proper^, and a third 
property of the specimen, wherem &e first property comprises a flatness measurement of tibe specimen. 



182 



wo 02/25708 PCT/USOl/42251 
wherein the second property comprises a presence of defects on the specimen, and wheiem the Ihitd 
property comprises a thin fihn characteristic of flie specimen. 



282. A semiconductor device &bricated by a method, the method com|»ising: 
fomung a portion of the semiconductor device upon a specimen; 

disposing fbs specimen upon a stage, wheiem the stage is coupled to a mieasurement device, and wherein 
the measurement device con^rises an illumination system and a detection system; 
directing energy toward a surface of the specimen using the iilmnination system; 
detecting energy propagating from the surface of the specimen using the detection system; 
generating one or more output signals responsive to the detected energy; and 
processing the one or more output signals to deteimine a first property, a second property, and a diird 
property of tlie specimen, wherein the first property comprises a flatness measurement of the specimen, 
wherein the second property comprises a presence of defects on the specimen, and wherein &e third 
property conq3rises a thin film characteristic of the specimen. 

283. A me&od for fabricating a semiconductor device, conq)rismg: 
forming a portion of the semiconductor device upon a specimen; 

disposing the specimen upon a stage, wherein ^ stage is coupled to a measurement device, and wherein 
the measurement device comprises an illumination system and a detection system; 
directing energy toward a surface of the specimen using the illumination system; 
detecting energy propagating from the s\irface of the specimen using the detection system; 
generating one or more output signals in response to the detected energy; and 
processing the one or more output signals to detemaine a first property, a second property, and a third 
property of the specimen, wherein the first property conq)rises a flatness measurement of the specimen, 
wherein the second property coiiq)rises a presence of defects on the specimen, and wherein the third 
property comprises a thin film characteristic of the specimen. 

284. A system configured to determine at least three properties of a specimen during use, conqirising: 
a stage configured to support the specunen dunng use; 

a measurement device coupled to the stage, comprising: 

an illumination system configured to direct energy toward a surface of the specunen during use; 
and 

a detection system coupled to the illumination system and configured to detect energy 
propagating from the sui&ce of the specimen during use, wherein the measurement device is 
configured to generate one or more output signals in response to the detected energy; 

a local processor coupled to the measurement device and configured to at least partiaOy process the one or 

more output signals during use; and 
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a remote controller computer coupled to the local processor, wherein the remote controller computer is 
configured to receive the at least partially processed one or more output signals and to determine a first 
property, a second property, and a third property of the specimen firom the at least partially processed one 
or more output signals during use, wherein the first property conq>rises a flatness measurement of the 
specimen, wherein the second property conqirises a presence of defects on the specimen, and wherein the 
third property coniprises a thin film characteristic of the specimen. 

285. A method for determining at least three properties of a specimen, comprising: 

disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
the measurement device comprises an illumination system and a detection system; 
directing energy toward a sxuf ace of the specimen using the illumination system; 
detecting energy propagating firom the surface of the specimen using the detection system; 
generating one or more output signals responsive to the detected energy; and 
processing the one or more output signals to determine a first property, a second property, and a durd 
property of the specimen, wherein the first property con^iises a flatness measurement of the specimen, 
wherein the second property con^mses a presence of defects on the specimen, and wherem the third 
property comprises a thin fihn characteristic of the specimen, comprising: 

at least partially processing the one or more output signals using a local processor, wherein the 

local processor is coupled to the measurement device; 

sending the partially processed one or more output signals fi:om the local processor to a remote 
controller computer; and 

further processing the partially processed one or more ou^ut signals using the remote controller 
computer. 

286. A system configured to determine at least two properties of a specimen during use, conqmsing: 
a stage configured to support the specimen during use; 

a measurement device coixpled to the stage, comprising: 

an illumination system configured to direct energy toward a surface of the specunen during use; 
and 

a detection system coupled to the illumination system and configured to detect energy 
propagating from the surface of the specimen during use, wherein the measurement device is 
configured to generate one or more output signals responsive to the detected energy during use; 
and 

a processor coupled to the measurement device and configured to determine a first property and a second 
property of the specimen firom the one or more output signals during use, wherein the first property 
compiisGS overlay misregistration of the specimen, and wherein the second property coxapxises a flatness 
measurement of the specimen. 
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287. The system of claim 286» wherein tiie measuiement device finther comprises a coherence probe 
microscope. 

288. The system of claim 286, wherein the measurement device further conq)rises an interferometer. 

5 

289. The system of claim 286, wherein the measurement device further conq)rises an optical profilometer. 

290. The system of claim 286, wherein tiie measurement device further comprises a spectroscopic 
reflectometer. 

10 

29 1 . The system of claim 286, wherein the measurement device further comprises a spectroscopic ellipsometer. 

292. The system of claim 286, wherein the measurement device further comprises a dual beam 
spectrophotometer. 

15 

293. The syst^ of claim 286, wherein the measurement device further conq>rises a beam profile ellipsometer. 

294. The system of claim 286, wherein tiie measurement device further coii^)rises a non-imaging scatterometer. 

20 295 . The system of claim 286, wherein the measurement device further comprises a scatterometer. 

296. The system of claim 286, wherein the measurement device further comprises a spectroscopic 
scatterometer. 

25 297. The system of claim 286, wherein the measurement device further con^rises a reflectometer. 

298. The system of claim 286, wherein the measurement device further corrq)rises a bright field imaging device. 

299. The systCTi of claim 286, wherein the measurement device fiirther coxiq)rises a dark field imaging device. 

30 

300. The system of claim 286, wherein the measurement device further comprises a bright field and dark field 
imaging device. 

30 1 . The system of claim 286, wherein the measurement device further con^rises at least a first measurement 
35 device and a second measurement device, and wherein the first and second measurement devices are selected fiom 

die group consisting of a coherence probe microscope, an interferometer, an optical profilometer, a spectroscopic 
reflectometer, a spectroscopic ellipsometer, a dual beam spectrophotometer, a beam profile ellipsometer, a non- 
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imaging scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, a blight field imaging 
device, a dark field imaging device, and a bright field and dark field imaging device. 



302, The system of claim 286, wherein the illumination system is fiixther configured to direct energy to multqple 
S locations on the surface of the specimen substantiBlIy simultaneously, and wherein the defection system is furAer 
configured to detect energy propagating fitom die nmlt^le locations on the surface of the spedmen substantially 
simultaneously such that one or more of tiie at least two properties of the specunen can be determined at the 
multiple locations substantially simultaneously. 



10 303 , The system of claim 286, wherein the system is coupled to a lithography tool, wherein the system is 
configured to determine the flatness measurement of the specimen prior to an exposure step of the lithography 
process, and wherein the system is configured to determine the overlay misregistration subsequent to the exposure 
step of the lithography process. 



1 5 304. The system of daun 286, wherem the system is coupled to a process tool, and wherem the process tool 
comprises a lithography tool 



305. A method for determming at least two properties of a specimen, con^rising: 

disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 

20 the measurement device comprises an illtnnination system and a detection system; 

directing energy toward a surface of the specimen using the illumination system; 

detecting energy propagating firom the surface of the specimen usmg the detection system; 

generating one or more ou^ut signals responsive to the detected energy; and 

processing the one or more output signals to determine a first property and a second property of the 

25 specimen, wherein the first property con^rises overlay misregistration of the specimen, and wherein the 

second property comprises a flatness measurement of the specimen. 



306. A computer-in^>lemented method for controlling a system configured to determine at least two properties 
of a specimen during use, wherein the system comprises a measurement device, the method comprising: 
30 controlling the measurement device, wherein the measurement device comprises an illumination system 

and a detection system, and wherem the measurement device is coupled to a stage, comprising: 
controllmg the iUummation system to dhect energy toward a surface of the specunen; 
controlling the detection system to detect energy propagating from fbs surface of the specimen; 
and 

35 generating one or more output signals responsive to the detected energy; and 

processing the one or more output signals to determine a first property and a second property of the 
specimen, wherein the first property comprises overlay misregistration of the specimen, and wherein the 
second property comprises a flatness measurement of the specimen. 
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307. A semiconductor device fabricated by a method, the method comprising: 
forming a portion of the semiconductor device upon a specimen; 

disposing tiie specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
the measurement device comprises an iUumination system and a detection system; 
directing energy toward a surface of the specimen using tihe ilhmiination system; 
detecting energy propagating from the sur&ce of tiie specimen using the detection system; 
generating one or more output signals responsive to the detected energy; and 
processing fte one or more output signals to determine a first prop^ and a second property of the 
specimen, wherein the first property comprises overlay misregistration of the specimen, and wherein the 
second property comprises a flatness measurement of the specimen. 

308. A method for fabricating a semiconductor device, comprising: 
forming a portion of the semiconductor device upon a specimen; 

disposing ihe specunen yxpon a stage, wherein the stage is coupled to a measurement device, and wherein 
the measurement device comprises an illumination system and a detection system; 
directing energy toward a surface of &e specimen using Ihe illumination system; 
detecting energy propagating from the surface of the specimen using the detection system; 
generating one or more output signals responsive to the detected energy; and 
processing the one or more output signals to determine a first property and a second property of the 
specimen, wherein the first property comprises overlay misregistration of the specimen, and wherein the 
second property comprises a flatness measurement of the specimen. 

309. A system configured to determine at least two properties of a specimen during use, comprising: 
a stage configured to support the specunen during use; 

a measurement device coupled to the stage, comprising: 

an illumination system configured to direct enei^ toward a surfiice of the specinoen during use; 
and 

a detection system coupled to the illumination system and configured to detect energy 
propagating from flie surface of the specimen during use, wherein the measurement device is 
configured to generate one or more output signals responsive to the detected energy during use; 

a local processor coupled to the measurement device and configured to at least partially process the one or 

more output signals during use; and 

a remote controller computer coupled to the local processor, wherein tiie remote controller computer is 
configured to receive the at least partially processed one or more output signals and to detennme a first 
property and a second property of the spedmen fit>m the at least partially processed one or more output 
signals during use, wherein the first property comprises overlay misregistration of the specimen, and 
wherem the second property comprises a flatness measurement of the specunen. 
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310. A method for determining at least two properties of a specimen, comprising: 

disposing the specimen iipon a stage, wherein the stage is coi^led to a measurement device, and wherein 
the measurement device courses an illumination system and a detection system; 
directing energy toward a sur&ce of the specimen using the illuminati(m system; 
detecting energy propagating &om the surface of ^e specimen using the detection system; 
generating one or more ou^ut signals responsive to the detected ^eigy; and 
processing the one or more output signals to deteimine a first property and a second property of the 
specimen, wherein the jQrst property comprises overlay misregistration of the specimen, and wherein the 
second property comprises a flatness measurement of the specimen, comprising: 

at least partially processing the one or more output signals using a local processor, wherein the 

local processor is coupled to die measurement device; 

sending the partially processed one or more output signals from the local processor to a remote 
controller conq)Uter; and 

furdier processing the partially processed one or more ou^ut signals using the remote controller 
computer. 

311. A system configured to determine at least two properties of a specimen during use, conc^rismg: 
a stage configured to support the specimen during use; 

a measurement device coupled to the stage, comprising: 

an illumination system configured to direct energy toward a surface of the specimen during use; 
and 

a detection system coupled to the illumination system and configured to detect energy 
propagating firom the surface of the specimen during use, wherein the measurement device is 
configured to generate one or more ou^ut signals responsive to die detected energy during use; 
and 

a processor coupled to the measurement device and configured to determine a Grst property and a second 
property of the specimen fi"om the one or more output signals during use, whereiu the Gist property 
comprises a characteristic of an uiqjlanted region of the specimen, and wherem the second property 
comprises a presence of defects on the specimen. 

312. The system of claim 311, wherein die measurement device further comprises a modulated optical 
refiectometer, 

313. The system of claim 311, wherein the measurement device fiirthrar comprises an X-ray reflectance device. 

3 14. The system of clakn 311, wherem the measurement device further comprises an eddy current device. 

315. The system of claim 31 1, wherein die measurement device further comprises a photo-acoustic device. 
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316. The system of claim 311, wherein the measurement device further conq^iises a spectroscopic ellipsometer. 

317. The system of claim 311, wherein the measurement device further conqmses a spectroscopic 
reflectometer. 

318. The system of claim 311, wherein the measurement device further conq>rises a dual beam 
spectrophotometer. 

319. The system of claim 311, wherein the measurement device further comprises a non-imaging scatterometer. 

320. The system of claim 311, wherein the measurement device further comprises a scatterometer. 

321. The system of claim 311, wherem the measurement device further conqnises a spectroscopic 
scatterometer. 

322. The system of claim 311, wherein the measurement device further conq)rises a reflectometer. 

323. The system of claim 311, wherein the measurement device further comprises an ellipsometer. 

324. The system of claim 311, wherein the measurement device further comprises a non-imaging bright field 
device. 

325. The system of claim 311, whereui the measurement device further coniprises a non-imaging dark field 
device. 

326. The system of claim 311, whereia ih& measurement device further coixq)rises a non-imaging bright field 
and dark field device. 

327. The system of claim 311, wherein the measurement device further cori[q)nses a bright field imaging device. 

328. Tlie system of claim 311, wherein the measurement device fiuiher comprises a dark field imaging device. 

329. The system of claim 311, wherein die measurement device further conaprises a bright field and dark field 
imaging device. 

330. The system of claim 311, wh^ein the measurement device further conqmses at least a first measurement 
device and a second measurement device, and wherein the first and second measurement devices are selected firom 
die group consistmg of a modulated optical reflectometer, an X-ray reflectance device, an eddy current device, a 
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photo-acoustic device, a spectroscopic ellipsometer, a spectroscopic reflectometer, dual beam spectrophotometer, a 
non-imaging scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, an ellipsometer, a non- 
imaging bright field device, a non-imaging dark field device, a non-imaging bright field and dark field device, a 
bright field imaging device, a dark field imaging device, and a bright field and dark field imaging device. 

5 

33 1 . The system of claim 311, wherein the measurement device further conpises non-optical components, and 
wherein the detected energy is responsive to a non-optical characteristic of the specimen. 

332. The system of claim 311, wherein the characteristic of the implanted region is selected from &e group 
10 consisting of a presence of ions in ^e inqslanted region, a concentration of ions in the implanted region, a depth of 

the implanted region, and a distribution profile of the implanted region. 

333. The system of claim 311, wherein the defects comprise micro defects and macro defects. 
1 S 334. The system of claim 311, wherein the defects comprises micro defects or macro defects. 

335. The system of claim 311, wherein ike illumination system is fitrther configured to direct energy toward a 
bottom surface of the specimen during use, wherein the detection system is further configured to detect energy 
propagating &om the bottom surface of the specimen during use, and wherein the second property further 

20 conq}rises a presence of defects on the bottom surface of the specimen. 

336. The system of claim 335, wherein the defects comprise macro defects, 

337. The system of claim 311, wherein the system is coupled to a process tool, and wherein the process tool is 
25 selected firom the group consisting of an ion implanter and a thermal tool. 

338. A method for detentnining at least two properties of a specimen, comprising: 

disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
the measur^ent device comprises an illumination system and a detection system; 

30 directing energy toward a surface of the specimen using the illumination system; 

detecting energy propagating from the surface of the specimen using the detection system; 
generating one or more output signals responsive to the detected energy; and 
processing the one or more output signals to determine a first property and a second property of the 
specimen, wherein the first property con^rises a characteristic of an implanted region of the specimen, 

35 and wherein the second property comprises a presence of defects on &e specimen. 

339. A computer-implemented method for controlling a system configured to determine at least two properties 
of a specimen during use, wherein the system conq)rises a measurement device, comprising: 
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controlling the measurement device, wherein the measurement device coiiq)rises an illumination system 
and a detection system, and wherein the measurement device is coupled to a stage, comprising: 

controlling the illumination system to direct energy toward a surface of the specimen; 

controlliDg the detection system to detect energy propagating from the sm&ce of the specimen; 

and 

generating one or more output signals responsive to the detected energy; and 
processing the one or more ou^ut signals to determine a first property and a second property of the 
specim^, wherein the first property comprises a characteristic of an implanted region of the specimen, 
and wherein the second property comprises a presence of defects on the specimen. 

340. A semiconductor device fabricated by a method, the method comprising: 
forming a portion of the semiconductor device upon a specimen; 

disposing the specimen upon a stage, wherem the stage is coupled to a measurement device, and wherein 
the measurement device comprises an iUumination system and a detection system; 
directing energy toward a surface of the specimen using the illumination system; 
detecting energy propagatmg &om the surface of the specimen usmg the detection system; 
generating one or more output signals responsive to the detected energy; and 
processing the one or more output signals to determine a first property and a second property of the 
specimen, wherein the first property comprises a characteristic of an implanted region of the specimen, 
and wherein die second property comprises a presence of defects on the specimen. 

341. A method for &bricating a semiconductor device, comprising: 
formmg a portion of the semiconductor device upon a specimen; 

disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
the measurem^t device coniprises an illumination system and a detection system; 
directmg energy toward a surface of the spechnen using the illumination system; 
detecting energy propagating from the surface of the specimen usmg the detection system; 
generating one or more output signals responsive to the detected energy; and 
processing the one or more output signals to determine a first property and a second property of the 
specimen, wherein the first property comprises a characteristic of an implanted region of the specimen, 
and wherein the second property comprises a presence of defects on the specimeiL 

342. A system configured to determme at least two properties of a specimen during use, cotxq)rising: 
a stage configured to support the spechnen during use; 

a measurement device coupled to the stage, con^jrising: 

an illumination system configured to direct energy toward a sur&ce of the specimen during use; 
and 
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a detection system coupled to the illiuximatioii system and configured to detect energy 
propagating fiom die surface of fhe specimen durir^ use, wherein the measuremrat device is 
configured to generate one or more output signals responsive to the detected energy during use; 
a local processor coupled to the measurement device and configured to at least partially process fkc one or 
5 more ou^ut signals during use; and 

a remote controller conq>uter coupled to the local processor, wherein the remote controller computer is 
configured to receive the at least partially processed one or more output signals and to detennine a first 
property and a second property of the specimen fi:om the at least partially processed one or more output 
signals during use, wherein the first property comprises a characteristic of an implanted region of the 
10 specimen, and wherein the second property comprises a presence of defects on the specimen. 

343. A method for determining at least two properties of a specimen, comprising: 

disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherem 
the measurement device con^rises an illumination system and a detection systen^ 
1 5 directing energy toward a surface of the specimen using the illumination system; 

detecting energy propagating fiiom the surface of fhe specimen using the detection system; 
gen^ating one or more output signals responsive to die detected energy; and 
processing the one or more output signals to determine a first property and a second property of the 
specimen, wherein the first property comprises a characteristic of an implanted region of the specunrai, 
20 and wherein the second property comprises a presence of defects on the specimen, comprising: 

at least partially processing the one or more output signals using a local processor, wherein the 

local processor is coupled to the measurement device; 

sending the partially processed one or more output signals firom the local processor to a rmote 
controller computer; and 

25 finiher processing the partially processed one or more output signals using the remote controller 

computer. 

344. A system configiired to determine at least two properties of a specimen during use, comprising: 
a stage configured to support the specimen during use; 

30 a measurement device coupled to die stage, con^rising: 

an illumination system configured to direct energy toward a surface of the specimen during use; 
and 

a detection system coupled to the illumination system and configured to detect energy 
propagating fcom the sur&ce of the specimen during use, wherein the measurement device is 
35 configured to generate one or more ou^ut signals responsive to fhe detected energy during use; 

and 

a processor coupled to fhe measurement device and configured to determine a first property and a second 
property of the specimen from the one or more ou^ut signals during use, wherein die first property 



192 



wo 02/25708 PCT/USOl/42251 
comprises an adhesion characteiistic of the specimen, and wherein &e second property comprises a 
Ihickness of the specimen. 

345. The system of claim 344, wherein the measurement device iiirdier comprises a photo-acoustic device. 

5 

346. The system of claim 344, wherein the measuiement device farther co^^)rises a spectroscopic ellipsometer. 

347. The system of claim 344, wherein the measurement device fiir&er con^rises an elHpsometer. 

10 348. The system of claim 344, wherein the measurement device further comprises an X-ray reflectometer. 

349. The system of claim 344, wherein the measurement device further con:q)rises a grazing X-ray 
reflectometer. 

15 350. The system of claim 344, wherein the measurement device further con^rises an X-ray di£&actonaeter. 

351. The system of claim 344, wherein the measurement device fur&er co^^m8es a photo-acoustic device and 
an ellipsometer. 

20 352, The system of claim 344, wherein the measiurement device further comprises at least a first measurement 
device and a second measurement device, and wherein the first and second measurement devices are selected from 
the group consisting of a photo-acoustic device, a spectroscopic ellipsometer, an ellipsometer, an X-ray 
reflectometer, a grazing X-ray reflectometer, an X-ray dif&actometer, and an eddy current device. 

25 353. The system of claim 344, wherein the processor is further configured to determine a diird property of tiie 
specimen from the one or more output signals during use, and wherein the third property is selected from the group 
consisting of a roughness of the specimen, a roughness of a layer on the spechnen, and a roughness of a feature of 
the specimen. 

30 3 54. The system of claim 353, wherein the system is coupled to a process tool selected from the group 
consisting of a Uthography tool, an atomic layer deposition tool, a cleaning tool, and an etch tool. 

355. The system of claim 344, wheiem the system is coupled to a process tool, and wherein the process tool is 
selected from the group consisting of an etch tool, an ion implanter, a chemical vapor deposition tool, a physical 

35 vapor deposition tool, an atomic layer deposition tool, a thermal tool, a cleaning tool, and a plating tool. 

356. A method for determining at least two properties of a spechnen, con:q)rising: 
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disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
the measurement device comprises an illumination system and a detection systen^ 
directing energy toward a sur&ce of the spechn^ using die ilhnnination system; 
detectmg energy propagating fiom the surface of the specimen using the detection system; 
5 genmting one or more output signals responsive to the detected energy; and 

processing Has one or more ou^ut signals to determine a first property and a second property of the 
specimen, wherein the first property coniprises an adhesion characteristic of the specimen, and wherein the 
second property comprises a thickness of the specim^ 

10 357. A computer-implemented method for controlling a system configured to determine at least tgvo properties 
of a specimen during use, wherein the system comprises a measurement device, comprising: 

controllii^ the measurement device, wherein the measurement device comprises an illumination system 
and a detection system, and wherein die measurement device is coupled to a stage, conq)risiag: 
controlling the illummation system to direct energy toward a sur£ice of the specimen; 
1 5 controlling the detection system to detect eneigy propagating from the surface of the specimen; 

and 

generating one or more output signals responsive to the detected energy; and 
processing the one or more output signals to determine a first property and a second property of the 
specimen, wherein the first property comprises an adhesion characteristic of the specimen, and wherein the 
20 second property comprises a thickness of the specimen. 

358. A semiconductor device fabricated by a method, the method comprising: 
forming a portion of the semiconductor device upon a specimen; 

disposing the specinoen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
25 the measurement device comprises an illumination system and a detection system; 

duecting energy toward a sur&ce of the specunen using the iUuniination system; 

detecting energy propagating firom the surface of the specimen using the detection system; 

generating one or more output signals responsive to the detected energy; and 

processing the one or more output signals to determine a first property and a second property of the 
30 portion of the semiconductor device, wherein the first property comprises an adhesion characteristic on the 

portion of the specimen, and wherein the second property comprises a thickness of the portion of the 

specimen. 

359. A method for fobricating a semiconductor device, comprismg: 

3 5 forming a portion of the semiconductor device upon a specimei^ 

disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
the measurement device comprises an illumination system and a detection system; 
directing energy toward a surface of the specimen using the illumination system; 
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detectizig energy propagating firom the surface of the specimen using the detection system; 
generating one or more output signals responsive to fbst detected energy during use; and 
processing the one or more output signals to determine a first property and a second property of &e 
portion of the semiconductor device, wherein the first property coopises an adhesion charact^isdc of the 
5 portion of the specimen, and wherein the second property conqsrises a thickness of tiie portion of the 

specimen. 

360. A system configured to determine at least two properties of a specimen during use, conq^rising: 
a stage configured to support the specimen during use; 
a measurement device coupled to the stage, comprising: 

an illumination system configured to direct energy toward a surface of the specimen during use; 
and 

a detection system coupled to the illumination system and configured to detect energy 
propagating from tiie surface of tiie specimen during use, wherein the measurement device is 
configured to generate one or more output signals responsive to the detected energy during use; 
a local processor coupled to tiie measurement device and configured to at least partially process the one or 
more output signals during use; and 

a remote controller computer coupled to (he local processor, wherein the remote controller computer is 
configured to receive the at least partially processed one or more output signals and to detemoine a first 
property and a second property of the specimen from the at least partially processed one or more output 
signals during use, wherein the first property comprises an adhesion characteristic of the specimen, and 
wherein the second property comprises a thickness of the specimen. 

361 . A method for determining at least two properties of a specimen, comprising: 

25 disposing the specimen upon a stage, wherein die stage is coi^led to a measurem^t device, and wherein 

the measurement device comprises an illumination system and a detection system; 
directing energy toward a surface of the specunen using the illumination systen^ 
detectmg energy propagating firom the surface of the specimen using the detection system; 
generating one or more output signals responsive to the detected energy; and 
30 processing the one or more output signals to determine a first property and a second property of the 

specimen, wherein the first property comprises an adhesion characteristic of the specimen, and wherein the 
second property comprises a thickness of the specimen, comprising: 

at least partially processing the one or more output signals using a local processor, wherein the 
local processor is coupled to &e measurement device; 
35 sending the partiaUy processed one or more output signals firom the local processor to a remote 

controller conq>uter; and 

furdier processing the partially processed one or more output signals using the remote controller 
computer. 



10 



15 



20 



195 



wo 02/25708 



PCTAJSOl/42251 



362. A system configured to determine at least two properties of a specimen during use, comprising: 
a stage configured to support the specimen during use; 

a measurement device coupled to the stage, con^rising: 
5 an illumination system configured to direct energy toward a sur&ce of the specimen during use; 

and 

a detection system coupled to tibe illumination system and configured to detect eneigy 
propagating from the surface of the specimen during use, wherein the measurement device is 
configured to generate one or more oulput signals responsive to the detected energy during use; 
10 and 

a processor coupled to the measurement device and configured to determine at least a first property and a 
second property of the specimen from the one or more ou^ut signals during use, whnein the first property 
comprises a concentration of an element in the specimen, and wherein the second property conqsrises a 
thickness of the specimen. 

15 

363. The system of claun 362, wherein the measurement device fiirther comprises a photo-acoustic device. 

364. The system of claim 362, wherein the measurement device fiirther comprises an X-ray refiectometer. 

20 365 . The system of claim 362, wherein the measurement device further comprises a grazing X-ray 
refiectometer. 

366. The system of claim 362, wherein the measurement device fiuiher comprises an X-ray difGractometer. 
25 367. The system of claim 362, wherein the measurement device fiuiher conqmses an eddy current device. 

368. The system of claim 362, wherein the measurement device fiuiher conqmses a spectroscopic ellipsometer. 

369. The system of claim 362, wherein the measurement device fiirther comprises an ellipsometer. 

30 

370. The system of claim 362, wherein the measurement device fiuiher comprises a grazing X-ray 
refiectometer and an optical measurement device. 

371 . The system of claim 362, wherein die measurement device fiirther comprises at least a first measurement 
35 device and a second measurement device, and wherem the first and second measurement devices are selected from 

&e group consisting of a photo-acoustic device, an X-ray refiectometer, a grazing X-ray refiectometer, an X-ray 
difGractometer, an eddy current device, a spectroscopic ellipsometer, and an ellipsometer. 
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372. The system of claim 362, wherein the processor is fur&er coiifigured to determine a third property of the 
specimen firom the one or more output signals during use, and wherein the fliird property is selected from the group 
consisting of a rougihness of the specimen, a roughness of a layer on the specimen, and a roughness of a feature of 
the specunen. 

5 

373. The system of claim 372, wherein the system is coupled to a process tool selected from the group 
consisting of a lithography tool, an atomic layer deposition tool, a cleaning tool, and an etch tool 

374. The system of claim 362, wherein the system is coupled to a process tool, and wherein the process tool is 
1 0 selected from the group consisting of an etch tool, an ion inq>lanter, a chemical vapor deposition tool, a physical 

vapor deposition tool, an atomic layer deposition tool, a thermal tool, a cleaning tool, and a plating tool. 

375 . A metiiod for determining at least two properties of a specimen, comprising: 

disposing the specimen upon a stage, wherem the stage is coi^led to a measurement device, and wherein 
IS the measurement device comprises an illumination system and a detection system; 

directing energy toward a surface of the specimen using die illumination system; 

detecting energy propagating from the surface of the specimen using the detection system; 

generating one or more output signals responsive to the detected energy; and 

processing the one or more output signals to determine a first property and a second property of the 
20 specimen, wherein the first property comprises a concentration of an element in the specimen, and wherein 

the second property comprises a thickness of the specimen. 

376. A con^uter-implemented method for controlling a system configured to determine at least two properties 
of a specimen during use, wherein tiie system comprises a measurement device, con:q>rising: 

25 controlHng the measurement device, wherein the measurement device coii^>rise5 an illumination system 

and a detection system, and wherein the measurement device is cot^led to a stage, con^rising: 
controlling the illumination system to dkect energy toward a surface of the specimen; 
controlling the detection system to detect energy propagating from the surface of the specimen; 
and 

30 generating one or more output signals responsive to the detected energy; and 

processing the one or more output signals to determine a first property and a second property of the 
specimen, wherein die first property comprises a concentration of an element in the specimen, and wherein 
the second property comprises a thickness of the specimen. 

35 377. A semiconductor device fabricated by a method, the mediod conq)rising: 
forming a portion of the semiconductor device upon a specimen; 

disposing die specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
die measurement device comprises an illumination system and a detection system; 
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directing energy toward a surface of the specimen using the illumination system; 
detecting energy propagating fi:om the surface of the specimen using fhe detection system; 
generating one or more output signals responsive to the detected energy; and 
processing the one or more ou^ut signals to deteramie a first property and a second property of the 
S ^ecimen, wherein the first property conq^rises a concentration of an element in the specimen, and wherein 

the second property con^rises a thickness of the specimen. 

378. A method for fabricating a semiconductor device, con^rising: 
forming a portion of die semiconductor device upon a specimen; 
10 disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 

the measurement device comprises an illumination system and a detection system; 
directing energy toward a surface of die specimen using the illumination system; 
detecting energy propagating from the surfiice of the specimen using the detection system; 
generating one or more output signals responsive to the detected energy; and 
1 S processing the one or more ou^ut signals to determine a first property and a second property of the 

specimen, wherein the first property conq>rises a concentration of an element in the specimen, and wherein 
the second property comprises a diickness of the specimen. 

A system configured to determine at least two properties of a specimen during use, comprising: 
a stage configured to support the specimen daring use; 
a measurement device coupled to the stage, comprising: 

an illumination system configured to direct energy toward a surface of fiie specimen during use; 
and 

a detection system coupled to the illumination system and configured to detect energy 
propagating firom the surface of the specimen during use, wherein the measurement device is 
configured to generate one or more output signals responsive to the detected energy during use; 
a local processor coupled to the measurement device and configured to at least partially process the one or 
more output signals during use; and 

a remote controller computer coupled to the local processor, wherein the remote controller computer is 
configured to receive the at least partially processed one or more output signals and to determine a first 
property and a second property of the specimen from the at least partially processed one or more output 
signals during use, wherein the first property comprises a concentration of an element in the specimen, and 
wherein the second property comprises a thickness of the spechnen. 

35 380. A method for determining at least two properties of a specimen, con:q)rising: 

disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
the measurement device comprises an iUumination system and a detection system; 
directing energy toward a surface of the specim^ using the iUumination system; 
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detecting energy propagating from the surface of the specimen using &e detection system; 
generating one or more output signals responsive to the detected energy; and 
processing the one or more output signals to determine a first property and a second property of the 
specimen, wherein the first property comprises a concentration of an element in the specimen, and wherein 
S tiie second property comprises a thickness of the specimen, comprising: 

at least partially processing the one or more output signals usmg a local processor, wherein tiie 
local processor is coupled to the measur^ent device; 

sending the partially processed one or more output signals firom &e local processor to a remote 
controller computer; and 

1 0 further processing the partially processed one or more output signals using &e remote controller 

con^uter. 



381. A system configured to determine at least one characteristic of a layer on a specimen during use, 
comprising: 

IS a deposition tool configured to form the layer of material on the specimen during use; 

a measurement device coupled to the deposition tool, comprising: 

an illumination system configured to direct light toward a sur&ce of the specimen use; 

a detection system coupled to the ilhonination system and configured to detect light propagating 

firom the sur&ce of the specimen during use, wherein the measurement device is configured to 

20 generate one or more output signals in response to the detected light during use; and 

wherein the illumination systsm and the detection system are further configured such that the 
measurement device comprises at least a spectroscopic refiectometer and a spectroscopic 
ellipsometer; and 

a processor coiq)led to the measurement device and configured to determme a characteristic of the layer 
25 from the one or more output signals during use. 

382. The system of claim 381, wherein optical elements of the spectroscopic refiectometer conq}rise optical 
elements of the spectroscopic ellipsometer. 

30 383. The system of claim 381, wherein the characteristic is selected from the group consisting of a thickness, an 
index of refraction, an extinction coefficient, a critical dimension, and a presence of defects. 

3 84. The system of claim 381, wherein the processor is further configured to determine one or more 
characteristics of the layer, and wherein the one or more characteristics are selected fi:om the group consisting of a 

35 thickness, an index of refiraction, an extinction coefQcient, a critical dimension, and a presence of defects. 

385. The system of claim 381, wherein the processor is ftulher configured to determine an additional 
characteristic of the specimen from the one or more output signals during use, and wherein the additional 
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characteristic is selected from the group consisting of a roughness of the specimen, a roughness of tfie layer on the 
specimen, and a roughness of a feature of the specimen. 



386. The system of claim 385, wherein the deposition tool comprises an atomic layer deposition tool. 

5 

387. The system of claim 381, wherein the measurement device further comprises an eddy current device. 

388. The system of claim 381, wherein die measurement device further comprises an eddy cuiient device, and 
wherem the deposition tool con^rises an atomic layer deposition tool. 

10 

389. A method for determining at least one characteristic of a layer on a specimen, comprising: 
foiming the layer of material upon the specimen with a deposition tool; 

directing light toward a surface of the specunen using an illumination system; 
detecting hght propagating from the surface of the specimen using a detection system, wherein the 
1 5 illumination system and the detection system are arranged in a measurement device comprising at least a 

spectroscopic reflectonoieter and a spectroscopic ellipsometer, and wherein the measurement device is 
coiq)led to the deposition tool; 

genemting one or more output signals responsive to the detected light; and 
processing the one or more output signals to determine a characteristic of the layer. 

20 

390. A computer-inq}lemented method for controlling a system configured to determine at least one 
characteristic of a layer on a specimen during use, wherein die system comprises a measurement device coupled to 
a deposition tool, and wherein the deposition tool is configured to form the layer of material on the specimen 
during use, the method comprising: 

25 controlling the measurement device, wherein the measurement device comprises an illumination system 

and a detection system, and wherein the illumination system and the detection system are configured such 
that the measurement device coixq)rises a spectroscopic reflectometer and a spectroscopic eIlq)Someter, 
conq)rising: 

controllmg the illumination system to direct ligiht toward a sur^e of the specimen; 
30 controlling the detection system to detect light propagating from the surface of the specimen; and 

generating one or more output signals responsive to the detected light; and 
processing the one or more output signals to determine a characteristic of the layer. 

A semiconductor device fabricated by a method, the method comprising: 

disposing the specunen in a deposition tool configured to form a layer of material on a specimen, wherein 
the deposition tool is coupled to a measurement device, and wherein the measurement device comprises an 
illumination system and a detection system; 
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forming a layer of material upon a specimen, wherein the formed layer comprises a portion of the 
semiconductor device; 

directing light toward a surface of the specimen using the illumination system; 
detecting light propagating firom flie surface of the spechnen using the detection system, wherein the 
5 illumination system and the detection system conqtrise at least a spectroscopic reflectometer and a 

spectroscopic ellipsometer; 

generating one or more output signals responsive to &e detected light; and 
processing the one or more output signals to detennine a characteristic of the layer. 



1 0 392. A method for fabricating a semiconductor device, comprising: 

disposing the specimen in a deposition tool configured to form a layer of material on a specimen, wherein 
the deposition tool is coupled to a measmement device, and wherem tiie measurement device comprises an 
illumination system and a detection systen^ 

forming a layer of material upon a specimen, wherein the formed layer comprises a portion of the 
1 5 semiconductor device; 

directing light toward a sur&ce of the specunen using the illumination system; 

detecting light propagating from the smi^ce of the specimen using tiie detection system, wherein the 

illumination system and tiie detection system comprise at least a spectroscopic reflectometer and a 

spectroscopic ellipsometer; 
20 generating one or more output signals responsive to the detected light; and 

processing the one or more output signals to determine a characteristic of the layer. 



393. A system configured to detennine at least one characteristic of a layer on a specimen during use, 
comprising: 

25 a deposition tool configured to form the layer of material on the specimen during use; 

a measurement device coiq)led to the deposition tool, comprising: 

an illumination system configured to direct light toward a siaface of tilie specimen during use; 
a detection system coupled to the illumination system and configured to detect light propagating 
from the surface of the specimen during use, wherein the measurement device is configured to 

30 generate one or more output signals in response to the detected energy; and 

wherein the illumination system and the detection system are further configured such that the 
measurement device conq)tises at least a spectroscopic reflectometer and a spectroscopic 
ellipsometer, 

a local processor coupled to the measurement device and configured to at least partially process the one or 
35 more ou^ut signals during use; and 

a remote controller computer coupled to the local processor, wherein the remote controller computer is 
configured to receive the at least partially processed one or more output signals and to detennine a 
characteristic of the layer fi:om the one or more output signals during use. 
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394. A method for detemmiing at least one characteristic of a layer on a specimen, coznpiisuig: 
foiming the layer of material upon the specimen; 

directing light toward a surface of the specimen using the iUumination system; 
detecting light propagating from tiie surface of the specimen using the detection system, wherein the 
5 illumination system and tibie detection system comprise at least a spectroscopic reflectometer and a 

spectroscopic ellipsometen 

generating one or more output signals responsive to the detected ligh^ and 

processing the one or more output signals to determine a characteristic of the layer, comprising: 

at least partially processing the one or more output signals using a local processor, wherein tiie 
1 0 local processor is coupled to the measurement device; 

sending the partially processed one or more output signals from the local processor to a remote 

controller computer; and 

further processing the partially processed one or more output signals using the remote controller 
computer. 

15 

395. A system configured to determine at least one property of a specimen during use, comprising: 
an etch tool configured to etch the specimen during use; 

a beam profile e]l:q)someter coupled to the etch tool, cotoprising: 

an illumination system configured to direct an incident beam of light having a known polarization 
20 state to the specimen during use; and 

a detection system coupled to the illumination system and configured to detect light returned from 
the specimen diuing use, wherein the beam profile ellipsometer is configured to generate one or 
more output signals responsive to the detected light during use; and 
a processor coupled to the beam profile ellipsometer and configured to determine a property of the 
25 specimen fiom the one or more output signals during use. 

396. The system of claim 395, finther comprising an additional measurement device coupled to the etch tool, 
wherein the processor is furdier coupled to the additional measurement device, and wherein the processor is further 
configured to determine an additional property of the specimen firom one or more output signals generated by the 

3 0 additional measurement device. 

397. The system of claim 395, wherein the processor is further configured to determine an additional property 
of the specimen from the one or more output signals during use, and wherein the additional property is selected 
from the group consisting of a roughness of the specimen, a roughness of a layer on the specimen, and a roughness 

35 of a feature of the specimen. 
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398. The system of claim 395, further comprising an eddy cuirent device coiqiled to die etch tool, wherein die 
processor is furdier coupled to the eddy current device, and wherein the processor is fiirdier configured to 
detennine a thickness of the specimen from one or more output signals generated fay the eddy cuirent device. 

S 399. Hie system of claim 395, wherein die property is selected from die group consisting of a diickness, an 
index of refraction, and an extinction coefficient 



400. A method for determining at least one property of a specuaen, comprising: 
etching the specimen in an etch tool; 
1 0 directing an incident beam of light having a known polarization state to the specimen using an illumination 

system; 

detecting light returned from the surface of the specimen using a detection system, wherein die 
illumination system and the detection system comprise a beam profile eUipsometer, and wherein the beam 
profile ellipsomieter is coupled to the etch tool; 
15 generating one or more output signals representative of the detected ligh^ and 

processing the one or more output signals to detennine a property of the specimen. 



401. A computer-implemented method for controlling a system configured to determine at least one property of 
a specimen during use, wherein the system comprises a beam profile eUipsometer coupled to an etch tool, and 
20 wherein the etch tool is configured to etch die specimen during use, die mediod comprising: 

controlling the beam profile eUipsometer, wherein the beam profile eUipsometer comprises an iUumination 
system and a detection system, comprising: 

controUing the iUumination system to direct Ught toward a surface of the specimen; 
controlling the detection system to detect Ught propagating from the sur&ce of the specimen; and 
25 generating one or more output signals representative of detected light; and 

processing the one or more output signals to determine a property of the specimen. 



402. A semiconductor device febricated by a mediod, the method con^iiising: 
etching a specimen using an etch tool; 
30 directing an incident beam of light having a known polarization state to the specimen using an iUumination 

system; 

detecting Ught returned from the surface of the specimen using a detection system, wherein the 
iUumination system and the detection system comprise a beam profile eUipsometer, and wherein the beam 
profile eUipsometer is coupled to the etch tool; 
35 generating one or more output signals representative of die detected Ught; and 

processmg the one or more output signals to determine a property of the specimen. 



403. A mediod for fabricating a semiconductor device, comprising: 
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etcliing a specimen using an etch tool; 

directing an incident beam of light having a known polarization state to the specimen using an illumination 
system; 

detecting light returned from the sux&ce of Ihe specimen using a detection system, wherein the 
5 illumination system and ^e detection system con^rise a beam profile ellipsometer, and wherein the beam 

profile ellipsometer is coupled to the etch tool; 

generating one or more output signals representative of the detected light; and 
processing the one or more output signals to determine a property of the specimen. 

A system configured to determine at least one property of a specimen during use, comprising: 
an etch tool configured to etch the specimen during use; 
a beam profile ellipsometer coupled to the etch tool, comprising: 

an illumination system configured to direct an incident beam of light having a known polarization 
state to the specimen during use; and 

a detection system coupled to the illummation system and configured to detect light returned from 
die specimen during use, wherein the beam profile ellipsometer is configured to genemte one or 
more output signals responsive to the detected light donng use; 
a local processor coupled to the beam profile ellipsometer and configured to at least partially process &e 
one or more output signals during use; and 

a remote controller computer coupled to the local processor, wherein the remote controller computer is 
configured to receive the at least partially processed one or more output signals and to further process the 
one or more ou^ut signals to determine a property of the specimen during use. 

405 . A method for deteimining at least one property of a specimen, conqprising: 
25 etching tiie specimen using an etch tool; 

directing an incident beam of ligjht having a known polarization state to the specimen using an illumination 

system; 

detecting light returned from the surface of the specimen using a detection system, wherein the 
iUumiaation system and the detection system comprise a beam profile ellipsometer, and wherem the beam 
30 profile ellipsometer is coupled to the etch tool; 

generating one or more output signals responsive to the detected light; and 

processing the one or more output signals to detemoiue a property of the specimen, con^rising: 

at least partially processing the one or more output signals using a local processor, wherein the 
local processor is coupled to the beam profile ellipsometer, 
35 sending the partially processed one or more ou^t signals from die local processor to a remote 

controller computer; and 

further processiog the partially processed one or more output signals using the remote controller 
computer. 
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406. A system configured to a cliaracteristic of a specimen during use, conq)rising: 
an ion in^lanter configured to direct ions toward the specimen during use; 
a measurement device coiq>led to flie ion in^)lanter, wlierein the measurement device is configured: 

to periodically direct an incident beam of ligiht to a region of the specimen to periodically excite 

&e region of the specimen during use; 

to direct a sanqile beam of light to the periodically excited region of the specimen during use; 
to measure an intensity of the sanqile beam reflected from the periodically excited region of die 
specimen during use; and 

to generate one or more output signals responsive to the measured intensity of the reflected 
san^le beam; and 

a processor coupled to the measurement device and configured to determine a characteristic of the region 
of the specimen from the one or more output signals during use. 



407. The system of claim 406, further con^rising an additional measurement device coupled to the ion 
implanter, wherein Hit processor is further configured to determme an additional property of the specimen firom one 
or more output signals generated by the additional measurement device. 

408. The system of claim 406, wherein the characteristic is selected from the group consisting of a presence of 
ions in the region, a concentration of ions in the region, a depth of the region, and a distribution profile of the 
region. 

409. A method for determining a characteristic of a specimen, con^rising: 
implanting ions into die specimen using an ion implanter; 

periodically directing an incident beam of light to a region of the specimen to periodically excite die 
region of the specimen using an ilhnmnation system of a measurement device, wherein die measurement 
device is coiq)led to the ion implanter; 

directing a sample beam of ligiht to the periodically excited region of die specimen using the illumination 
system; 

measuring an intensity of the sample beam reflected from the periodically excited region of die specimen 

using a detection system of the measurement device; 

generating one or more output signals responsive to the measured intensity of die reflected sample beam; 
and 

processing the one or more output signals to determine a characteristic of the region of the specimen. 

410. A computer-implemented method for controlling a system configured to deteimine a characteristic of a 
specimen during use, wherein the system comprises a measurement device coipled to an ion iiiq)lanter, and 
wherein the ion implanter is configured to direct ions toward the specimen during use, the method comprising: 
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controlling the measurement device, wherein Hie measurement device con^^rises an iliumination system 
and a detection system, conq)rising: 

controlling the illumination system to periodically direct an incident beam of light to a region of 
&e specimen to periodically excite the region of the specimen; 
5 controlling the illmnination system to direct a san^le beam of light to the periodically excited 

region of tiie specimen; 

controlling die detection system to measure an intensity of the sample beam reflected from &e 
periodically excited region of die specimen; and 

generating one or more output signals responsive to the measured intensity; and 
10 processing the one or more output signals to determine a characteristic of the region of the specimen. 

411, A semiconductor device fabricated by a method, the method comprising: 

implanting ions into a specimen using an ion implanter, wherein the specimen con^srises at least a portion 
of the semiconductor device; 
IS periodically directing an incident beam of light to a region of the specimen to periodically excite 

region of the specimen using an illumination system of a measuronent device, wherein the measurement 
device is coupled to the ion in^lanter; 

directing a sample beam of light to the periodically excited region of the specimen using the illumination 

system; 

20 measuring an intensity of the sample beam reflected from the periodically excited region of the specimen 

using a detection system of the measurement device; 

generating one or more output signals responsive to the measured intensity of the reflected sample beam; 
and 

processing the one or more output signals to determine a characteristic of the region of the specimen. 

25 

412. A method for fabricatii^ a semiconductor device, compming: 

iniplanting ions into a specimen usiag an ion in^lanter, wherein the specimen comprises at least a portion 
of the semiconductor device; 

periodically directing an incident beam of light to a region of the specimen to periodically excite the 
30 region of the specimen using an illumination system of a measurement device, ^^erein die measurement 

device is coupled to the ion implanter; 

directing a sample beam of light to the periodically excited region of the ^ecimen using the illumination 
system; 

measuring an intensity of the s&axple beam reflected from the periodically excited region of the specimen 
35 using a detection system of the measurement device; 

generating one or more output signals responsive to the measured intensify of the reflected sample beam; 
and 

processing the one or more output signals to determine a characteristic of the region of the specimen. 
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413. A system configured to determine a cbaiacteristic of a specimen duiixig use, comprising: 
an ion implanter configured to direct ions toward Hie specimen during use; 

a measurement device coupled to the ion implanter, wherein the measurement device is configured: 

to periodically direct an incident beam of light to a region of the specimen to periodically excite 
the region of the specimen during use; 

to direct a san:q>l6 beam of light to the periodically excited region of the specimen during use; 
to measuie an intensity of the sample beam reflected fitom the periodically excited region of die 
specimen during use; and 

to generate one or more output signals responsive to the measured intensity of the reflected 
sample beam during use; 

a local processor coupled to the measurement device and configured to at least partially process the one or 
more output signals during use; and 

a remote controller computer coupled to the local processor, wherein the remote controller computer is 
configured to receive the at least partially processed one or more output signals and to fiirther process the 
at least partially processed one or more output signals to determine a characteristic of the region of the 
specimen. 

4 14. A method for determining a characteristic of a specimen, cono^rising: 
implanting ions into a specimen using an ion implanter; 

periodically directing an incident beam of light to a region of the specimen to periodically excite the 
region of the specimen using an illumination system of a measmement device, wherein the measurement 
device is coupled to the ion ii):q)Ianter; 

directing a sample beam of light to the periodically excited region of the specimen using the illumination 
system; 

measuring an intensity of the ssmaplQ beam reflected fiom the periodically excited region of the specimen 
using a detection system of the measurement device; 

generating one or more output signals responsive to the measured intensity of die reflected sample beam; 
and 

processing the one or more output signals to determine a characteristic ofihe region of the specimen, 
comprising: 

at least partially processing the one or more output signals using a local processor, wherein die 
local processor is coupled to the measurement device; 

sending die partially processed one or more output signals fi:om the local processor to a remote 
controller computer; and 

further processing the partially processed one or more output signals using remote controller 
computer. 

415. A system configured to determine at least one characteristic of micro defects on a surface of a specimen 
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during use, comprising: 



5 



a process tool configured to process die specimen during use; 

a stage configured to si^port the specimen during use, wherein the stage is further configured to rotate 
during use; 

a measurement device coupled to the process tool, i^erein the measurement device is further coupled to 
the stage, comprising: 



10 



an illumination system configured to direct light toward tlie surface of the specimen during the 
process and during rotation of the stage; and 

a detection system coupled to the illumination system and configured to detect light propagating 
from the surface of the specimen during the process and during rotation of the stage, wherein the 
measurement device is configured to generate one or more output signals in response to the 



detected light during use; and 
a processor coupled to the measurement device and configured to determine at least the one characteristic 
of micro defects on the sur&ce of the specimen from the one or more ou^ut signals during use. 



15 



416. The system of claim 415, fiirdier comprising an additional measurement device coupled to the process 
tool, wherem the processor is fiirther configured to detemiine an additional property of the specimen from one or 
more oulput signals generated by the additional measurement device. 

20 417. The system of claim 415, wherein the detected Ught conq>rises dark field light propagating along a dark 
field path from the surface of the specimen. 

418. The system of claim 415, wherein the detected Hght coniprises bright field light propagating along a bright 
field path from the surface of the specimen. 



419. The system of claim 415, wherein the detected light conq)iises dark field light propagating along a dark 
field path from the surface of the specimen and bright field light propagatmg along a bright field path from fhe 
surface of the specimen. 

30 420. The system of claim 415, wherein the detected light coii^)rises dark field ligiht propagating along nmltiple 
dark field paths from the surface of the specimen. 

42 1 , The system of claim 415, wherein the detected hght comprises dark field hght propagating along multiple 
dark field paths from the surface of the specimen and bright field Hght propagating along a bright field path from 
35 the surface of the specimen. 



25 



422. The system of claim 415, wherein the specimen conq>rises a plurality of dies having repeatable pattem 
features, and wherein the processor is further configured to compare ou^ut signals responsive to detected light 
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firom at least two of tlie plurality of dies to determine at least the one characteristic of micro defects on the surface 
of the specimen. 



423. The system of claim 415, wherein at least the one characteristic of micro defects is selected from the groap 
5 consisting of a presence, a location, a number, and a type of micro defects on the sui&ce of &e specimen. 



424. The system of claim 415, wherein the processor is further configured to detennine an additional 
characteristic of the specimen from the one or more output signals during use, and wherein the additional 
characteristic is selected from the group consisting of a roughness of Ihe specunen, a roughness of a layer on &e 
1 0 specimen, and a roughness of a feature of the specimen. 



15 



425. The system of claim 415, wherein the process tool is selected from flie group consisting of a lidiogr^hy 
tool, an etch tool, a deposition tool, an ion in^lanter, a chemical-mechanical polishing tool, a themial tool, a 
cleaning tool, and a plating tool. 



426. A mediod for detemaining at least one characteristic of micro defects on a specimen, conqsrising: 
processing the specimen in a process tool; 
supporting the specimen on a stage; 

rotating the stage while the specimen is supported on the stage; 
20 directing light toward a surface of die specimen using an illumination system during the process and 

during rotation of the stage; 

detectmg light propagating from &e surface of the specimen usiog a detection system during ^e process 
and duriqg rotation of the stage, wherehi illumination system and ^e detection system conq)rises a 
measurement device, and wherein the measurement device is coupled to the process tool; 
25 generating one or more output signals responsive to the detected light; and 

processing the one or niore output signals to detennine at least the one characteristic of micro defects on 
the specimen. 



427. A computer-implemented method for controlling a system configured to detCToine at least one 
30 characteristic of micro defects on a spechnen during use, wherem the system con^mses a measurement device 

coiq)led a stage, wherein the measurement device is further coupled to a process tool, and wherein the process tool 
is configured to process die specimen during use, the method comprising: 

controlling fke stage to rotate while the specimen is supported on the stage; 

controlling the measurement device, wherein the measurement device comprises an illumination system 
35 and a detection system, comprisingr 

controlling the illumination system to direct light toward a surface of the specimen during the 
process and during rotation of die stage; 
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controlling the detection system to detect light propagating from the surface of the specimen 
during the process and during rotation of die stage; and 
generating one or more output signals responsive to the detected ligh^ and 
processing the one or more output signals to detemune at least one characteristic of micro defects on the 
5 ^ecimen. 



428. A semiconductor device fabricated by a me&od, die method comprising: 

processing a specimen in a process tool to peifomi at least a step of a semiconductor febrication process on 
the specimen; 
1 0 supporting the specimen on a stage; 

rotating the stage while the specimen is supported on the stage; 

directing light toward a surface of the specimen using an illumination system during the process and 
during rotation of die stage; 

detecting light propagating from the surface of the specimen using a detection system during the process 
15 and during rotation of the stage, wherein illumination system and the detection system comprises a 

measurement device^ and wherein die measurement device is coupled to the process tool; 
generating one or more output signals responsive to the detected ligjht; and 

processing the one or more output signals to determine at least the one characteristic of micro defects on 
the specimen. 

20 

429. A method for fabricating a semiconductor device, comprising: 

disposing the specimen upon a stage, wherein the stage is disposed within a process chamber, wherein a 
measurement device is coupled to the process chamber, and wh^ein the measurement device comprises an 
illumination system and a detection system; 
25 processing die specimen to fabricate a portion of die semiconductor device upon a specimen using a 

process chamiber; 

rotating the stage during processing of the specimen; 

directing light toward a surface of the specimen using the illumination system during fabrication and 
rotation of the stage; 

30 detecting light propagating from the surface of the specimen usmg the detection system during fabrication 

and rotation of the stage; and 

processing the detected light to determine a characteristic of micro defects on the surface of the specimen. 

430. A system configured to determine a characteristic of micro defects on a specimen during use, comprising^ 
35 a process tool configured to process the specimen during use; 

a stage configured to support the specimen during use, wherein the stage is further configured to rotate 
during use; 

a measurement device coupled to the process tool, wherein the measurement device is furdier coupled to 
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the stage, conspiising: 

an illuininatioii system configured to direct light toward flie surface of tiie specimen during the 
process and during rotation of the stage; and 

a detection system coupled to the iUumination system and configured to detect light propagating 
5 fiom the surface of the specimen dmisig the process and during rotation of the stage, wherein the 

measurement device is configured to generate one or more output signals in response to flie 
detected light during use; and 
a local processor coupled to the measurement device and configured to at least partially process the one or 
more output signals during use; and 
10 a remote controller con^uter coupled to the local processor, wherein the remote controller con^uter is 

configured to receive the at least partially processed one or more output signals and to determine at least 
the one characteristic of micro defects on the specimen fiom the at least partially processed one or more 
output signals. 

A method for determining a characteristic of micro defects on a specimen, comprising: 
processing the specimen in a process tool; 
supporting the specimen on a stage; 
rotating tiie stage while the specimen is siq)portBd on the stage; 

directing light toward a surface of tiie specimen using an illumination system during the process and 
during rotation of the stage; 

detecting light propagating firom the surface of the specimen using a detection system during tiie process 
and during rotation of the stage, wherein illumination system and the detection system comprises a 
measurement device, and wherein the measurement device is coupled to the process tool; 
generating one or more output signals responsive to the detected light, and 

processing the one or more output signals to determine at least the one characteristic of micro defects on 
the specimen, comprising: 

at least partially processing the one or more output signals using a local processor, wherein the 
local processor is coupled to the measurement device; 

sending the partially processed one or more output signals from the local processor to a remote 
controller computer; and 

further processing the partially processed one or more output signals using the remote controller 
computer. 

432. A system configured to determine at least one characteristic of defects on at least two sides of a specimen 
35 during use, comprising: 

a stage configured to support the specimen during use, wherein the stage is finlh^ configured to move 
during use; 

a measurement device coupled to the stage, comprising: 



15 431. 



20 



25 
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an illuminatioii system configured to direct energy toward a front side and a back side of die 
specimen during movement of die stage; and 

a detection system coiq>led to the ilhmmiation system and configured to detect energy 
propagating along multq>le paths from the front side of the specimen during movement of Hie 
S stage and to detect energy propagating from the back side ofihe specimen during movement of 

the stage, wherein the measurement device is configured to generate one or more output signals 
responsive to the detected energy propagating along multiple paths from the front side of the 
specimen and the detected energy propagating from the back side of the specimen; and 

a processor coupled to the measurement device and configured to determine a first characteristic of defects 
10 on the front side of the specimen from the one or more ou^ut signals during use and a second 

characteristic of macro defects on the back side of die specimen from the one or more output signals 

during use. 

433. The system of claim 432, fiirther compiising an additional measurement device coupled to the stage, 

1 S wherein the processor is fiirdier configured to determine an additional property of the specimen from one or more 
output signals generated by the additional measurement device. 

434. The system of claim 432, wherein the detected energy propagating along multiple paths from the front side 
conq)nses dadc field light propagating along nmlt^le dark field patbs. 

20 

435. The system of claim 432, wherein the detected energy propagating along multiple paths from the front 
sides comprises dark field light propagating along multiple dark field paths and bright field light propagating along 
a bright field path. 

25 436. The system of claim 432, wherem the detected energy propagating from the back side of the specimen 
con^rises dark field lig^ht propagating along a daik field path. 

437. The system of claim 432, wherem die detected energy propagating from the back side of die specimen 
con:q)rises bright field light propagating along a bright field path. 

30 

438. The system of claim 432, wherein the detected energy propagating from the back side of the specimen 
comprises dark field light propagating along a dark field path and bright field tight propagating along a bright field 
path. 

35 439. The system of claim 432, wherein the measurement device further comprises non-optical conq)onents, and 
wherein the detected energy propagating along multiple paths from the front side of die specimen is responsive to a 
non-optical characteristic of the specimen. 



212 



wo 02/25708 PCTAJSOl/42251 

440. The system of daim 432, wherein Ihe measurement device further comprises non-optical conqsonents, and 
wherein the detected energy propagating firom the back side of die specimen is responsive to a non-optical 
characteristic of the specimen. 

5 441. The system of claim 432, wherein the specimen con^)rises a plurality of dies having repeatablepattem 
features, and wherein the processor is further configured to conq>are output signals responsive to detected energy 
from at least two of the plurality of dies to determine die first charact^tic. 

442. The system of claim 432, wherein ttie first characteristic is selected fix>m the group consisting of a 
1 0 presence, a location, a number, and a type of defects on the front side of the specimen. 

443. The system of claim 432, wherein the second characteristic is selected from the group consisting of a 
presence, a location, a number, and a type of defects on the back side of the specimen. 

1 S 444. The system of claim 432, wherein the defects on the front side of die specimen conqprise macro defects or 
micro defects. 

445. The system of claim 432, wherein the defects on the front side of the specimen comprise macro defects 
and micro defects. 

20 

446. The system of claim 432, wh^ein the processor is further configured to determine a third characteristic of 
the specimen from the one or more output signals during use, and wherein the third characteristic is selected fixmi 
the group consisting of a roughness of the specimen, a roughness of a layer on the specimen, and a roughness of a 
feature of the specimen. 

25 

447. The system of claim 446, wherein the system is coupled to a process tool selected from the group 
consisting of a lithography tool, an atomic layer deposition tool, a cleaning tool, and an etch tool 

448. The system of claim 432, wherein the system is coupled to a process tool, and wherein the process tool is 
30 selected from the group consisting of a lithography tool, an etch tool, an ion implanter, a chemical-mechanical 

polishing tool, a deposition tool, a thermal tool, a cleaning tool, and a plating tool. 

449. The system of claim 432, wherem the system is coupled to a laser cleaning tool. 

3 S 450. The system of claim 432, wherein the system is coupled to a shock wave particle removal apparatus. 

45 1 . A mediod for determining at least one characteristic of defects on' at least two sides of a specimen, 
conq>rising: 
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disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
the measurement device comprises an illumination system and a detection system; 
moving the stage; 

directing energy towaid a front side aod a b ack side of tiie specimen using the illumination system during 
S movement of the stage; 

detecting energy propagating along multiple paths from the front side of the specimen using the detection 
system during movement of the stage; 

detecting energy propagatmg from tiie back side of the specimen using the detection system during 
movement of the stage; 

1 0 generating one or more output signals responsive to the detected energy propagating along multiple paths 

from die front side of the specimen and the detected eneigy propagating from the back side of the 
specimen; and 

processing the one or more output signals to detemune a first characteristic of defects on a front side of the 
specimen and a second characteristic of macro defects on a back side of the specimen. 

15 

452. A conoputer-iniplemented method for controllmg a system configured to detennine at least one 
characteristic of defects on at least two sides of the specunen during use, wherein the system conqirises a 
measurement device, comprising: 

controlling the measiurement device, herein the measxirement device comprises an illumination system 
20 and a detection system, wherein the measurement device is coupled to a stage, and wherein the stage is 

configured to move dimng use, comprising: 

controlling die illumination system to direct energy toward a front side and a back side of the 
specimen during movement of the stage; 

controlling the detection system to detect energy propagating along multiple paths from the front 
25 side of the specunen during movement of tiie stage and to detect energy propagating from the 

back side of the specimen during movement of the stage; and 

generating one or more output signals responsive to the detected energy propagating along 
multiple path fi<om the front side of the specimen and die detected enezgy propagating from the 
back side of the specimei^ and 
30 processing the one or more output signals to determine a first characteristic of defects on a front side of the 

specimen and to detemune a second characteristic of macro defects on a back side of the specunen. 



453. A semiconductor device fabricated by a method, the method comprising: 
forming a portion of the semiconductor device iq)on a specimen; 
3 5 disposing the specimen upon a stage, wherem the stage is coupled to a measurement device, and wherem 

the measurement device comprises an illumination system and a detection system; 
moving the stage; 
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directing energy toward a front side and a back side of tiie specimen using the ilhimination system during 
movement of tiie stage; 

detecting energy propagating along multiple paths from the front side of the specimen using the detection 
system during movement of the stage; 

detecting energy propagating from ±e back side of the specimen using the detection system during 
movement of the stage; 

genmting one or more output signals responsive to the detected energy propagating along multiple path 
from the front side of the specimen and the detected enezgy propagatii:^ from the back side of the 
specimen; and 

processing the one or more output signals to determine a frrst characteristic of defects on the front side of 
the specimen a second characteristic of macro defects on the back side of the specimen, 

454. A method for fabricating a semiconductor device, comprising: 
fonning a portion of die semiconductor device upon a specimen; 

disposing the specimen upon a stage, wherein die stage is coupled to a measurement device, and wherein 
the naeasurement device con^rises an iUununation system and a detection system; 
moving the stage; 

directing energy toward a front side axid a back side of the specimen using the illumination system during 
movement of the stage; 

detecting energy propagating along multiple paths from die front side of the specimen using the detection 
system during movement of the stage; 

detecting energy propagating from the back side of the specimen using the detection system during 
movement of the stage; 

generatii^g one or more output signals responsive to the detected enezgy propagating along multq)le padi 
from the front side of the specimen and the detected energy propagating fr:om the back side of the 
specimen; and 

processing the one or more output signals to determine a first characteristic of defects on die front side of 
the specimen a second characteristic of macro defects on the back side of the specimen. 

455. A system confrgured to detemune at least one characteristic of defects on at least two sides of a specimen 
during use, comprising: 

a stage configured to support the spedmen durix^ use, wherem the stage is further configured to move 

during use; 

a measurement device coupled to the stage, con^rising: 

an illumination system configured to direct energy toward a fix»nt side and a back side of the 
specimen during movement of die stage; and 

a detection system coupled to the illumination system and configured to detect energy 
propagating along multiple padis from the front side of the specimen during movement of the 
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stage and to detect energy propagating from the back side of the specimen during movement of 
the stage, wherein the measurement device is configured to generate one or more ou^t signals 
responsive to the detected energy propagating along mult^le paths from the front side of the 
specimen and the detected energy propagating from the back side of the specimen; 
S a local processor coupled to the measurement device and configured to at least partiaUy process the one or 

more output signals during use; and 

a remote controller computer coupled to tiie local processor, wherein the remote controller computer is 
configured to receive the at least partially processed one or more output signals and to determine a first 
characteristic of defects on the front side of the specimen from the one or more output signals during use 
10 and a second characteristic of macro defects on the back side of the specimen from the one or more output 

signals during use. 

456. A method for detennining at least one characteristic of defects on at least two sides of a specimen, 
comprising: 

1 5 disposing the specimen upon a stage, wherem the stage is coupled to a measurement device, and wherein 

the measurement device comprises an illumination system and a detection system; 
moving tiie stage; 

directmg energy toward a front side and a back side of the specimen using the illiunination system during 
movement of the stage; 

20 detecting energy propagating along multiple paths from the front side of the specimen using the detection 

system during movement of the stage; 

detecting energy propagating from the back side of the specimen using the detection system during 
movement of the stage; 

generating one or more output signals responsive to the detected energy propagating along multiple paths 
25 from the front side of the specimen and the detected energy propagating from the back side of the 

specimen; and 

processing the one or more output signals to determine a first characteristic of defects on die front side of 
the specimen and a second characteristic of macro defects on the back side of die specimen, comprising: 

at least partially processing the one or more ou^ut sigjoals using a local processor, wherein the 
30 local processor is coupled to the measurement device; 

sending the at least partially processed one or more output signals from the local processor to a 

remote controller computer; and 

frirther processing the at least partially processed one or more output signals using the remote 
controller computer. 

35 

457. A system configured to detemiine at least two properties of a specimen during use, comprising: 
a stage configured to si^port the specimen during use; 

a measurement device coiq>led to the stage, con^rising: 
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an iliiunination system configured to direct energy toward a surface of the specimen during use; 
and 

a detection system coupled to Hie iUununation system and configured to detect energy 
propagating from die sur&ce of the specimen during use, ivheiein die measurement device is 
5 configured to generate one or more ou^ut signals responsive to the detected energy during use; 

and 

a processor coupled to the measurement device and configured to determine a first property and a second 
property of the specimen from the one or more ou^ut signals during use, wherein the first property 
comprises a presence of macro defects on the specimen, and wherein the second property conqprises 
10 overlay misregistration of the specimen. 

458. The system of claim 457, wherein the measurement device fizrther coinprises a non-imaging scatterometer. 

459. The system of clann 457, wherem the measurement device further comprises a scatterometer. 

15 

460. The system of claim 457, wherein the measurement device further comprises a spectroscopic 
scatterometer. 

461 . The system of claim 457, wherein the measurement device further comprises a refiectometer. 

20 

462. The system of claim 457, wherem the measurement device further comprises a spectroscopic 
refiectometer. 

463. Ihe system of claim 457, whmm the measurement device further comprises an elli^someter. 

25 

464. The system of claim 457, wherein the measurement device fur&er comprises a spectroscopic ellipsometer. 

465 . The system of claim 457, \f4ierein the measurement device further comprises a bright field imaging device. 



30 466. The system of claim 457, wherein the measurement device further comprises a dark field imaging device. 

467. The system of claim 457, ^erem the measurement device further comprises a bright field and dark field 
imagmg device. 

35 468. The system of claim 457, wherein the measurement device fur&er comprises a non-imaging bright field 
device. 
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The system of claim 457, wherein the measurement device furdier compiiscs a non-imaging dark field 



470. The system of claim 457, wherein the measurement device finther comprises a non-imaging bright field 
S and dark field device. 

471. The system of claim 457, wherein the measurement device furdier comprises a double daik field device. 

472. The system of claim 457, wherein the measurement device furdier comprises a coherence probe 
10 microscope. 

473. The system of claim 457, wherein the measurement device further comprises an interferometer. 

474. The system of claim 457, wherein die measurement device furdier con^rises an optical profilometer. 

15 

475. The system of claim 457, wherein die measurement device further comprises at least a first measurement 
device and a second measurement device, and wherein die first and second measurement devices are selected fix>m 
die group consisting of a non-imaging scatterometer, a scatterometer, a spectroscopic scatterometer, a 
reflectometer, a spectroscopic reflectometer, an ellipsometer, a spectroscopic ellipsometer, a bright field imaging 

20 device, a dark field imaging device, a bright field and dark field imaging device, a non-imaging bright field device, 
a non-imaging dark field device, a non-imaging bright field and dark field device, a coherence probe microscope, 
an interferometer, and an optical profilometer. 

476. The system of claim 457, wherein the macro defects con^rises lesist contamination of a back side of the 
25 specimen. 

477. The system of claim 457, wherein the processor is further configured to determine a third property of the 
specimen from the one or more output signals during use, and wherein the diird property is selected from the group 
consisting of a roughness of the specimen, a roughness of a layer on the specimen, and a roughness of a feature of 

30 the specimen. 

478. The system of claim 457, wherein the illumination system is further configured to direct energy toward a 
bottom surface of the specimen during use, wherein the detection system is further configured to detect energy 
propagating from the bottom sur&ce of the specimen during use, and wherein the first property furdier coniprises a 

35 presence of macro defects on the bottom surface of the specimen. 

479. The system of claim 457, wherein the system is coupled to a Hthogiaphy tool, wherein the system is 
configured to determine the first property of the specimen prior to an exposure step of a lithography process, and 
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wherein fhe system is configuied to detennine the second property subsequeat to the exposure step of the 
lithography process. 



480. The system of claim 457, wherein the system is coupled to a lithography tool, and wherein the system is 
3 configured to detennine the first and second properties of the specimen subsequent to an exposure step of a 

lithography process. 

481. The system of claim 457, wherein tiie system is coupled to a process tool, and wherein fhe process tool 
comprises a lithography tool 

10 

482. A metiiod for determining at least two properties of a specimen, comprising: 

disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
the measurement device comprises an illumination system and a detection system; 
directing energy toward a surface of the specimen using the illumination systen^ 
1 S detecting energy propagating from flie surface of fhe spedmen using the detection system; 

generating one or more output signals responsive to the detected energy; and 
processing the one or more output signals to detemodne a &st property and a second property of the 
specimen, wherein the first property comprises a presence of macro defects on the specimen, and wherein 
the second property comprises overlay misregistration of the spechnen. 

20 

483 . A computer-implemented method for controlling a system configured to determine at least two properties 
of a specimen during use, wherem the system comprises a measurement device, the method comprising: 

controlling the measurement device, wherein the measurement device conpnses an illummation system 
and a detection system, and wherein the measurement device is coupled to a stage, comprismg: 
25 controlling the illumination system to direct energy toward a surface of the specimen; 

controlling the detection system to detect energy propagating from the surface of the specimen; 

and 

generating one or more output signals responsive to the detected energy; and 
processmg the one or more output signals to determme a first property and a second property of the 
30 specimen, wherem the first property comprises a presence of macro defects on the specimen, and wherein 

the second property comprises overlay misregistration of the spechnen. 

4S4. A semiconductor device fabricated by a method, tbe method comprising: 
forming a portion of the semiconductor device upon a specimen; 
35 disposing the specimen upon a stage, wherem the stage is coupled to a measurement device, and wherein 

the measurement device comprises an illumination system and a detection system; 
directing energy toward a surface of the specimen using the illumination system; 
detecting energy propagating from the surface of the specimen using the detection system; 
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generating one or more output signals responsive to the detected energy; and 
processing &e one or more output signals to determine a first property and a second property of tfaie 
specimen, wherein the fibrst property comprises a presence of macro defects on the specimen, and wherein 
the second property coir^rises overlay misregistration of flie specimen. 

5 

485. A method for febricating a semiconductor device, comprising: 
forming a portion of the semiconductor device upon a specimen; 

disposing the specimen upon a stage, wherein the stage is coupled to a measiirement device, and wherein 
the measurement device comprises an illumination system and a detection system; 

1 0 directing energy toward a surface of the specimen using the illumination system; 

detecting energy propagating from the surface of the specimen using the detection system; 
generating one or more output signals responsive to the detected energy; and 
processing the one or more output signals to determine a first property and a second property of the 
specimen, wherein the first property conq)rises a presence of macro defects on the specimen, and wherein 

IS the second property comprises overlay misregistration of the specimen. 

486. A system configured to determine at least two properties of a specimen during use, conqnising: 
a stage configured to si]^>port the specimen during use; 

a measurement device coupled to the stage, comprising: 
20 an illumination system configured to direct energy toward a surface of the specimen during use; 

and 

a detection system coupled to the illumination system and configured to detect energy 
propagating from the surface of the specimen daimg use, wherein the measurement device is 
configured to genemte one or more output signals responsive to the detected energy during use; 
25 a local processor coupled to the measurement device and configured to at least partially process the one or 

more output signals during use; and 

a remote controller coirq)uter coupled to the local processor, wherein the remote controller cornputer is 
configured to receive the at least partially processed one or more output signals and to determine a first 
property and a second property of the specimen from the at least partially processed one or more output 
30 signals during use, wherein the first property comprises a presence of macro defects on the specimen, and 

wherein the second property conq)rises overlay misregistration of the specimeiL 



487. A method for determining at least two properties of a specimen, con^rising: 

disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
35 the measurement device con^^rises an illumination system and a detection system; 

directing energy toward a surface of the specimen using the illumination system; 
detecting energy propagating from the surfrtce of the specimen using die detection system; 
generating one or more output signals responsive to die detected energy; and 
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processing the one or more output signals to determine a first property and a second property of die 
specimen, wherein the first property comprises a presence of macro defects on the specimen, and wherein 
the second propaly comprises overlay misregistration f the specimen, con^rising: 

at least partially processing the one or more output signals using a local processor, wherein the 

local processor is coupled to the measurement device; 

sending the partially processed one or more output signals fiom the local processor to a remote 
controller cos9>uter; and 

further processing the partially processed one or more ou^t signals using the remote controller 
computer. 



488. A system configured to determine at least two properties of a specimen during use, comprising: 
a stage configured to support the specimen during use; 

a first measurement device coupled to the stage, wherein the first measurement device is configured to 
generate one or more output signals responsive to at least one thin fihn characteristic of the specimen 
during use; 

a second measurement device coupled to the stage, wherein die second measurement device is configured 
to generate one or more output signals responsive to at least one electrical property of the specimen during 
use; and 

a processor coupled to the first measurement device and the second measurement device, wherein the 
processor is configured to determine the at least one diin fthn characteristic torn the one or more output 
signals of the first measurement device during use and to determine the at least one electrical property of 
the specimen firom the one or more output signals of the second measurement device during use. 

489. The system of claim 488, wherein the first measurement device comprises a refiectometer. 

490. The system of claim 488, wherem die first measurement device comprises a spectroscopic refiectometer. 

49 1 . Ihe system of claim 488, wherein the first measurement device con^rises an ellipsometer. 

492. The system of claim 488, wherein the first measurement device comprises a spectroscopic ellipsometer. 

493 . The system of claim 488, wherein the first measurement device coniprises a beam profile ellipsometer. 

494. The system of claim 488, wherein the first measurement device comprises a photo-acoustic device. 

495. The system of claim 488, wherein the first measurement device comprises an eddy cunent device. 

496. The system of claim 488, wherein the first measurement device comprises an X-ray refiectometer. 
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497. The system of claim 488, whezein the first measurement device comprises a grazing X-ray reflectometer. 



498. The system of claim 488, wherein the first measurement device comprises an X-ray dif&actometer. 

S 499. The system of claim 488, wherein the first measurement device coa^>rises at least two measurement 
devices, and wherein the at least two measurement devices are selected from tiie group consisting of a 
refiectometer, a spectroscopic reflectometer, an ellipsometer, a spectroscopic ellipsometer, a beam profile 
ellipsometer, a photo-acoustic device, an eddy current device, an X-ray reflectometer, a grazing X-ray 
refiectometer, and an X-ray dif&actometer. 

10 

500. The system of claim 488, wherein the second measurement device comprises: 
an oven configured to anneal the specimen; 

a cooling device configured to reduce a temperature of the specimen subsequent to an annealing process; 
a device configured to deposit a charge on an upper surface of the specimen; and 
15 a sensor configured to measure the at least one electrical property of the charged upper surface of the 

specimen. 

501 . The system of claim 488, wherein the at least one electrical property of the specimen is selected from the 
group consisting of a capacitance, a dielectric constant, and a resistivity. 

20 

502. The system of claim 488, wherein the at least one electrical property comprises at least one electrical 
properly of a layer on the specimen, and wherein the layer conaprises a dielectric material formed on the specimen. 

503. The system of claim 488, wherem the processor is further configured to determine a characteristic of metal 
25 contamination on the specimen fi'om &e one or more output signals of the second measurement device during use. 

504. The system of claim 488, wherein &e processor is further configured to determine a third property of the 
specimen from the one or more output signals of the first or second measurement device during use, and wherem 
the third property is selected from the group consisting of a roughness of the specimen, a roughness of a layer on 

30 the specimen, and a roughness of a feature of the specimen. 

505. The system of claim 488, wherein die system is coi^led to a process tool selected from the group 
consisting of a chemical vq>or deposition tool, an atomic layer deposition tool, a physical vapor deposition tool, a 
plating tool, a chemical-mechanical polishing tool, a tJiermal tool, a cleaning tool, an ion implanter, and an etch 

35 tool. 

506. A method for determining at least two properties of a specimen, comprising: 
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disposing the specimen upon a stage, wherein the stage is coupled to a &st measurement device and a 
second measurement device; 

generating one or more output signals responsive to at least one thin fihn characteristic of the specimen 
with the first measurement device; 
S generating one or more output signals responsive to at least one electrical property of &e specimen with 

the second measurement device; 

processing the one or more output signals firom the first measurement device to determine the at least one 
thin film characteristic of the specimen; and 

processing the one or more output signals from the second measurement device to determine the at least 
1 0 one electrical property of tiie specimen. 

507. A com|)uter-iiiq>lemented method for controlling a system configured to determine at least two properties 
of a specimen during use, wherein the system comprises a stage configured to support the specimen, and wherein 
the stage is coupled to a first measurement device and a second measur^nent device, comprising: 

IS controlling tiie first measurement device to generate one or more output signals responsive to at least one 

thin film characteristic of tiie specimen; 

controlling tiie second measurement device to generate one or more output signals responsive to at least 
electrical property of the specimen; 

processing the one or more output signals from the first measurement device to determine the at least one 
20 thin film characteristic of the specimen; and 

processing the one or more output signals from the second measurement device to determine the at least 
one electrical property of the specimen. 

508. A semiconductor device fabricated by a method, the method comprising: 
25 forming a portion of the semiconductor device upon a specimen; 

disposing the specimen upon a stage, i^erein the stage is coiqsled to a first measurement device and a 
second measurement device; 

gen^ating one or more ou^ut signals responsive to at least one thin film charact^tic of the specimen 
with the first measurement device; 
30 generating one or more output signals responsive to at least one electrical property of the spechnen with 

the second measurement device; 

processing the one or more output signals from the first measurement device to determine the at least one 
thin film characteristic of the specimen; and 

processing the one or more output signals fixun the second measurement device to determine the at least 
3 5 one electrical property of the specimen. 

509. A mediod for fabricating a semiconductor device, comprising: 
forming a portion of flie semiconductor device upon a specimen; 
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disposing the specimen upon a stage, wherein the stage is coupled to a first measurement device and a 
second measurement device; 

generating one or more output signals responsive to at least one thin film characteristic of the specimen 
with the first measurement device; 
5 generating one or more output signals responsive to at least one electrical property of the specimen with 

the second measurement device; 

processing ti^e one or more output signals fiom the first measurement device to detennine the at least one 
diin film characteristic of the specimen; and 

processing the one or more output signals fi:om the second measurement device to detemiine the at least 
1 0 one electrical property of the specimen. 

510. A system configured to detennine at least two properties of a specimen during use, comprising: 
a stage configured to support the specimen during use; 

a first measurement device coupled to the stage, wherem the first measurement device is configured to 
generate one or more ou^ut signals responsive to at least one thin film characteristic of the specimen 
during use; 

a second measurement device coupled to the stage, wherein the second measurement device is configured 
to generate one or more output signals responsive to at least one electrical property during use; 
a local processor coupled to the first and second measurement devices, wherein the local processor is 
configured to at least partially process the one or more output signals from the first measurement device 
and the one or more output signals firom the second measurement device during use; and 
a remote controller computer coupled to the local processor, wherein the remote controller computer is 
configured to receive the at least partially processed one or more output signals, to detemiine the at least 
one thin film characteristic firom the at least partially processed output signals of fb& fiist measurement 
device, and to determine the at least one electrical proper^ of the specimen firom the at least partially 
processed output signals of the second measurement device during use. 

511. A method for determining at least two properties of a specimen, comprising: 
disposing the specimen upon a stage, wherein the stage is coupled to a first measurement device and a 

30 second measurement device; 

generating one or more output signals responsive to at least one thin film characteristic of the specimen 
with Ae first measurement device; 

generating one or more output signals responsive to at least one electrical property of the specimen with 
the second measurement device; 
35 processing the one or more output signals from the first measurement device to detennme the at least one 

thin film characteristic of the specimen and the one or more output signals firom the second measurement 
device to determine the at least one electrical property of the specimen, con^)rising: 
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at least partially processing the one or moie output signals firom flie first measurement device and 
the one or more ou4>ut signals txm the second measurement device using a local processor, 
wheiein the local processor is coupled to the first and second measurement devices; 
sending the partially processed one or more output signals from the local processor to a remote 
5 controller con:q)uter; and 

ihrlher processing liie partially processed one or more output signals using the remote controller 
computer. 

512. A system configured to determine at least four properties of a specimen during use, con^rising: 
10 a plurality of measurement devices, wherein the plurality of measurement devices are configured to 

generate one or more output signals responsive to a critical dimension of the specimen, overlay 
misregistration of the specimen, a presence of defects on the specimen, and a thin film characteristic of the 
specimen during use; and 

a processor coupled to the plurality of measurement devices, wherein the processor is configured to 
1 S determine the at least four properties of the specimen from the one or more ou^ut signals during use, and 

wherein the at least four properties comprise the critical dimension of the specimen, the overlay 
misregistration of the specimen, the presence of defects on &e specimen, and the thin film characteristic of 
the specimen. 

20 513. The system of claim 512, wherein tlie system is further configured as a cluster tool 

514. The system of claim 512, wherein the system is further configured as a stand alone system. 

515. The system of claim 512, wherein the plurality of measurement devices comprise a non-imaging 
25 scatt^ometer. 

516. The system of claim 512, wherein fht plurality of measurement devices conopise a scatterometer. 

517. The system of claim 512, wherein the plurality of measurement devices comprise a spectroscopic 
30 scatterometer. 

518. The system of claim 512, wherein the plurality of measurement devices comprise a refiectometer. 

519. The system of claim 512, wherein the plurahty of measurement devices comprise a spectroscopic 
35 refiectometer. 

520. The system of claim 512, wherein the plurahty of measurement devices conq>rise an ellipsometer. 
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521. The system of claim 512, wheiein the plurality of measurement devices eompnst a spectroscopic 
ellipsometer. 



522. The system of claim 5 12, wherein the plurality of measurement devices comprise a beam profile 
5 ellipsometer. 

523. The system of claim 512, wherein the plurality of measurement devices comprise a dual beam 
spectrophotometer. 

1 0 524. The system of claim 512, wherein the plurality of measurement devices comprise a bright field imaging 
device. 

525. Hie system of claim 512, wherein the plurality of measurement devices comprise a dark field imaging 
device. 

15 

526. The system of claim 512, wherein the pluraHty of measurement devices conq)rise a bright field and a daric 
field imaging device. 

527. The system of claim 512, wherein the plurality of measurement devices comprise a double dark field 
20 device, 

528. The system of claim 512, wherein the phuality of measurement devices coni^e a bright field non- 
imagmg device. 

25 529. The system of claim S12, wherein the phirality of measurement devices comprise a dark field non-imaging 
device. 

530. The system of claim 512, wherein the plurality of measurement devices comprise a bright field and a dark 
field non-imaging device. 

30 

53 1 . Ihe system of claun 512, wherein the phuality of measurement devices comprise a coherence probe 
microscope. 

532. The system of claim 5 12, wherein the pluraUty of measurement devices coniprise an interference 
35 microscope. 

533. The system of claim 512, whereiu the pluraHty of measurement devices comprise an optical profilometer. 
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The ^stem of claim 5 12, wherein the pluiahty of measuremeat devices coxnpiise a photo-acoustic device. 



535. The system of claim 512, wherein the plurality of measurement devices coz):4)rise an eddy current device. 

S 536. The system of claim 512, wherein die plurality of measurement devices coi2^)ris6 an X-ray reflectometer. 

537. The system of claim 5 12, wherein the plurality of measurement devices conq)ris6 a gzazing X-ray 
reflectometer. 

10 538. The system of claim 512, wherein iht plurahty of measurement devices comprise an X-ray difi&actometer. 

539. The system of ckdm 5 12, wherein the defects comprise macro defects. 

540. The system of claim 512, wherein the presence of defects on the spechnen con:q>rises a presoice of defects 
15 on a bottom sur&ce of the specimen. 

541 . The system of claim 512, wherein the processor is further configured to detemiine a fifth property of the 
specimen from the one or more ou^ut signals during use, and wherein the fifth prop^ comprises a flatness 
measurement of the specimen. . 

20 

542. The system of claim 5 1 2, wherein tiie processor is further configured to determine a fifth property of the 
specimen from the one or more output signals during use, and wherein the fifth property is selected from the group 
consisting of a roughness of the specimen, a roughness of a layer on the specimen, and a roughness of a feature of 
the specimen. 

25 

543. A metiiod for detemiining at least four properties of a specimen, comprising: 

geneiatmg one or more output signals with a plurality of measurement devices, wherem the one or more 
ou^ut signals are responsive to at least four properties of the specimen; and 
processing the one or more ou^ut signals to detemiine &e at least four properties of the specimen, 
30 wherein the at least four properties comprise a critical dimension of the specimen, overlay misregistration 

of the specimen, a presence of defects on the specimen, and a thin film characteristic of the specimen. 

544. A computer-implemented method for controlling a system configured to determine at least four properties 
of a specimen during use, wherein the system conqtrises a plurahty of measurement devices, comprising: 

35 controlling the plurality of measurement devices to generate one or more output signals responsive to at 

least four properties of the specunen; and 

processing the one or moie output signals to determine ^e at least four properties of the specimen, 
wherein the at least four properties of the specimen comprises a critical dimension of the specimen. 
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overlay misregistration of the specimen, a presence of defects on Hie specimen, and a thin film 
characteristic of the spedm^. 



545. . A semiconductor device &bricated by a me&od, the mefliodconq>rising: 

forming a portion of the semiconductor device upon a specimen; 

generating one or more output signals with a plurality of measurement devices, who-ein liie one or more 
ou^ut signals are responsive to at least four properties of the specimen; and 
processing the one or more ou^ut signals to determine the at least four properties of die specimen, 
wherein the at least four properties comprise a critical dimension of the specimen, overlay nnsregistration 
of the specimen, a presence of defects on die specimen, and a thin film characteristic of die specimen. 

546. A method for fabricating a semiconductor device, comprising: 
forming a portion of the semiconductor device upon a specimen; 

generating one or more output signals with a plurality of measurement devices, wherem the one or more 
output signals are responsive to at least four properties of the specimen; and 
processing the one or more output signals to determine the at least four properties of the specimen, 
wherein the at least four properties comprise a critical dimension of the specimen, overlay misregistration 
of the specimen, a presence of defects on the specimen, and a thin film characteristic of die specimen. 

547. A system configured to determine at least four properties of a specimen during use, comprising: 

a plurality of measurement devices, wherein the pluraHty of measurement devices are configured to 
generate one or more output signals responsive to die at least four properties of the specimen; 
a local processor coupled to the pluraHty of measurement devices, wherein the local processor is 
configured to at least partially process the one or more output signals during use; and 
a remote controller con^uter coupled to the local processor, wherein the remote controller computer is 
configured to receive the at least partially processed one or more output signals during use and to 
determine the at least four properties of die specim^ during use, and wherein the at least four properties 
comprise a critical dimension of the specimen, overlay misregistration of the specimen, a presence of 
defects on the specimen, and a thin film characteristic of the specimen. 

548. A method for determining at least four properties of a specimen, comprising: 

generating one or more output signals with a pluraUty of output signals, wherein the one or more output 
signals are responsive to at least four properties of the specunen; and 

processing the one or more output signals to determine the at least four properties of the specimen, 
wherein the at least four properties comprise a critical dimension of the specimen, overlay misregistration 
of the specimen, a presence of defects on the specimen, and a thin film characteristic of the specimen, 
wherein processing the one or more ou^ut signals comprises: 
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at least partially processing the one or more output signals using a local processor, wherein the 
local processor is coiqiled to the plurality of measurement devices; 

sending the partially processed one or more output signals fiom the local processor to a remote 
controller con^}uter; and 

S fiirdier processing the partially processed one or moze output signals usiog the remote controller 

computer. 



549. A system configured to determine at least two properties of a specimen during use, coniprismg: 
a stage configured to support the specimen during use; 
1 0 two or more measurement devices coupled to the stage, wherein the two or more measurement devices are 

configured to generate one or more output signals in response to one or more of die at least two properties 
of the specimen during use; and 

a processor coupled to the two or more measurement devices, wherem the processor is configured to 
determine the at least two properties of the specimen from the one or more output signals during use, and 
1 S wherein die at least two properties conq)rise a thickness of a structure on the specimen and at least one 

additional property of the specimen. 



550. The system of claim 549, wherein the two or more measurement devices comprise a small-spot photo- 
acoustic device and a grazing X-ray refiectometer. 

20 

55 1 . The system of claim 549, wherein the two or more measurement devices coiiq)rise a small-spot photo- 
acoustic device and a broadband small-spot spectroscopic ellipsometer. 

552. The system of claim 549, iurdier con^rising a pattern recognition system coupled to the stage and the 
25 processor, wherein the pattern recognition systan is configured to generate one or more output signals during use, 

and wherein the processor is fiirther configured to process the one or more ou^ut signals from the pattern 
recognition system during use. 

553 . The system of clamx 549, wherein at least one element of a first of the two or more measurement devices 
30 con^rises at least one element of a second of the two or more measurement devices. 

554. The system of claim 549, wherein the at least one additional property is selected from the group consisting 
of an mdex of refiaction, a velocity of sound, a density, a critical dimension, and a profile of a layer or a feature 
formed on die specimen. 

35 

555. The system of claim 549, wherein the structure comprises a single layer formed on the spechnen. 



229 



wo 02/25708 PCT/USOl/42251 

556. The system of claim 549, wherein the structure comprises a single layer formed on the specimen, and 
wherein the single layer is selected fiom the gronp consisting of a substantially transparent fihn, a semi-transparent 
fihn, and an opaque metal fihn. 

557. The system of claim 549, wherein the structure cora^zises multiple layers fonned on &e specimen, 

55S. Hie system of claim 549, wherein the stmcture conpises nuiltq)le layers formed on llie ^ecimen, and 
wherein the multiple layers comprise two or more layers selected from the group consisting of a substantially 
transparent film, a srani-transparent film, an opaque metal film, and any combination thereof. 

559. The system of claim 549, wherein the specimen comprises a blanket wafer. 

560. The system of claim 549, wherein the specimen con^hses a pattemed wafer. 

561 . The system of claim 549, further comprising a handling robot configured to dispose the spedmen on the 
stage, wherem the handling robot is coupled to the two or more measurement devices. 

562. The system of claim 549, further comprising a power supply, wherein the power supply is coupled to the 
first measurement device and the second measurement device. 

563. The system of claim 549, further con^rising an autofocus mechanism, wherein the autofocus mechanism 
is configured to bring a specimen substantially into focus for the two or more measurement devices. 

564. The system of claim 549, wherein the system is coupled to a chemical-mechanical polishing tool. 

565. A method for detcnninmg at least two properties of a specimen, comprising; 

disposing the specimen upon a stage, wherein the stage is coupled to two or more measurement devices; 
generating one or more output signals with the two or more measurement devices, wherein the one or 
more output signals are responsive to the at least two properties of the specimen; and 
processing the one or more output signals to determine the at least two properties of the specimen, wherein 
the at least two properties of the specimen comprise a thickness of a stmcture on the specimen and at least 
one additional property of the specunen. 

566. A computer-ha:q>lemented method for controlling a system configured to determine at least two properties 
of a specimen during use, wherein the system comprises a stage coupled to two or more measurement devices, and 
wherein the stage is configured to support the specimen during use, the method comprising: 

controlling the two or more measurement devices to generate one or more output signals responsive to the 
at least two properties of the specimen; and 
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processing the one or more ou^ut signals to detennine the at least two properties of the specimen^ wherein 
the at least two properties of the specimen con^rise a thickness of a structure on the specimoD and at least 
one additional property of the specimen. 

A semiconductOT device ^biicated by a method, the method conqsxising; 
fommg a portion of the semiconductor device upon a specimen; 

disposing the specimen upon a stage, wherein ^ stage is coupled to two or more measurement devices; 
generating one or more output signals with the two or more measurement devices, wherein the one or 
more output signals are responsive to the at least two properties of the specimen; and 
processing the one or more output signals to determine the at least two properties of the specimen, wherein 
the at least two properties of die specunen comprise a thickness of a structure on the specimen and at least 
one additional property of the specimen. 

568. A method for fabricating a semiconductor device, con^rising: 
forming a portion of the semiconductor device upon a specuneiu 

disposing the specimen upon a stage, wherem the stage is coupled to two or more measurement devices; 
generating one or more output signals with the two or more measurement devices, wherem the one or 
more output signals are responsive to the at least two properties of the specimen; and 
processing die one or more output signals to detennine the at least two properties of the specimen, wherein 
the at least two properties of the specimen comprise a thickness of a structure on the specimen and at least 
one additional property of the specimen. 

569. A system configured to determme at least two properties of a specimen during use, coniprising: 
a stage configured to support die specimen during use; 

25 two or more measurement devices coupled to the stage, wherein the two or more measurement devices are 

configured to generate one or more output signals in response to one or more of die at least two properties 
of the specimen during use; 

a local processor coupled to die two or more measurement devices and configured to at least partially 
process the one or more output signals during use; and 
30 a remote controller computer coupled to the local processor, wherein the remote controller conq)uter is 

configured to receive the at least partially processed one or more ou^ut signals and to determine the at 
least two properties of the specimen from the at least partially processed one or more output signals during 
use, and wherem the at least two properties comprise a thickness of a structure on the specimen and at least 
one additional property of the specunen. 

35 

570. A method for determining at least two properties of a specimen, comprising: 

disposmg the specimen upon a stage, wherem the stage is coupled to two or more measurement devices; 



5 567. 



10 



15 



20 



231 



wo 02/25708 PCT/USOl/42251 
genieratuig one or more output signals with the two or more measurement devices, wheiein the one or 
more output signals are responsive to die at least two properties of the specimen; and 
processing the one or more output signals to deteimine &e at least two properties of the specimen, wherein 
the at least two properties of the specimen comprise a thickness of a stmcture on the specimen and at least 
S one additional property of the specimen, wherein processing the one or more output signals comprises: 

at least partially processing &e one or more output signals using a local processor, wherein the 

local processor is coupled to the two or more measurement devices; 

sending the partially processed one or more ou^ut signals from the lopal processor to a remote 

controller computer; and 

10 further processing the partially processed one or more ou^ut signals using the remote controller 

computer. 



571. A system condQgured to determine at least one prop^ of a specimen during use, coinpiising: 

a lithography track configured to perform one or more steps of a lithography process on the specim^ 
IS during use; 

a spectroscopic ellipsometer coupled to ttie lithography track, wherein the spectroscopic ellipsometer is 
configured to generate one or more ou^ut signals responsive to the at least one property of the specimen 
during use; and 

a processor coupled to the spectroscopic ellipsometer, wherein the processor is configured to determine the 
20 at least one property of the specimen from the one or more output signals during use. 

572. The system of claim 57 1, wherein the at least one property is selected from the group consisting of a 
thickness, an index of refraction, an extinction coefficient, a critical dimension, and a profile of a stmcture on the 
specimexL 

25 

573. The system of claim 571, further comprising an additional measurement device coupled to the Uthography 
track, wherein the processor is further coupled to the additional measurement device, and wherein the processor is 
further configured to determine an additional property of the specimen from one or more output signals generated 
by the additional measurement device. 

30 

574. The system of claim 571, wherein the processor is further configured to determine an additional property 
of the specimen from the one or more output signals during use, and whereia the additional property is selected 
from the group consisting of a roughness of tiie specunen, a roughness of a layer on the specimen, and a roughness 
of a feature of the spechnen. 

35 

575 . The system of claim 57 1 , wherein the processor is further configured to determine a presence of defects on 
the specimen from the one or more output signals during use. 
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576. The system of claim 571, wherein the spectroscopic ellipsometer is fiiifher configuied to image at least an 
area of the specimen onto a one-dimoosional detector such that at least die one property of the specimen can be 
determined at multiple locations on the specimen substantially simultaneously. 

5 577. The system of claim 57 1, wherein die spectroscopic ellipsometer is further configured to image at least an 
area of die specimen onto a two-dimensional detector such that at least the one property of the specimen can be 
determined at multiple locations substantially simultaneously. 

578. The system of claim 57 1 , wherein the spectroscopic ellipsometer is further coupled to a process chamber 
10 of the lithography track. 

579. The system of claim 571, wherein the spectroscopic ellipsometer is fiirdier coupled to a process chamber 
of the lithography track, and wherem the spectroscopic ellipsometer is furdier configmred to generate the one or 
more output signals during a resist q^ply process performed in the process chamber. 

15 

580. The system of claim 571, wherein the spectroscopic ellq>someter is further coupled to a process chamber 
of the lithography tracl^ and wherein the spectroscopic ellipsometer is further configured to generate the one or 
more output signals during a post apply bake process performed in the process chamber. 

20 581, The system of claim 57 1 , wherein the spectroscopic ellipsometer is further coupled to a process chamber 
of the lithography track, and wherein the spectroscopic ellipsometer is further configured to generate the one or 
more output signals dunng a chill process performed in the process chamber, 

582. The system of claim 571, wherein the spectroscopic ellipsometer is further coi^Ied to a process chamber 
25 of the lithography track, wherein the spectroscopic ellipsometer is furdier configured to generate the one or more 

output signals during a process step performed in the process chamber, and wherein the process step is performed 
subsequent to a develop process step. 

583. The system of claim 571, wherein the spectroscopic ellipsometer is further coupled to a process chamber 
30 of the lithography track, and wherein the spectroscopic elhpsometer is furdier configured to generate the one or 

more output signals prior to an exposure step of the lithography process. 

584. The system of claim 571, wherein the spectroscopic elUpsometer is further coupled to a process chamber 
of the lithography track, wherein the spectroscopic ellipsometer is further configured to generate the one or more 

35 output signals subsequent to an escposure step of die lidiography process, and wherem die at least one property of 
the specimen comprises at least one property of a latent hnage formed on die specimen by the e7q)osure step. 
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585. The system of claim 571, wherein the iilhography track comg^iises a first process chamber and a second 
process chamber, wherein a stage coupled to the spectroscopic ellipsometer is configUTed to move the specimen 
fin)m the first process chamber to the second process chamber during use, and wherein the spectroscopic 
ellipsometer is further configured to generate the one or more cnxtpwi signals as tiie stage is moving the specimen 

5 fiom the first process chamber to Ihe second process chamber. 

586. The system of claim 585, wherem tiie first process chamber is configured to chill the specimen during use, 
and wherein tiie second process chamber is configured to i^ly resist to the specimen during use. 

1 0 587. The system of claim 585, wherein the first process chamber is configured to chill the specimen subsequent 
to a post apply bake process step during use, and wherein the second process chamber is configured to expose the 
specimen during use. 

588. The system of claim 585, wherein the first process chamber is configured to e3q>ose the ^ecimen during 
15 use, and wherein die second process chamber is configured to bake the specimen subsequent to exposure of the 

specimen during use. 

589. The system of claim 585, wherein the first process chaniber is configured to chill the specimen subsequent 
to a post exposure bake process step during use, and wherein the second process chamber is configured to develop 

20 the specimen during use. 

590. The system of claim 585, wherein the first process chamber is configured to develop the specimen during 
use, and wherein the second process chamber is configured to bake the specimen subsequent to a develop process 
step during use. 

25 

591. The system of claim 585, wherein die first process chamber is configured to develop the specimen during 
use, and wherein the second process chamber is configured to receive the specimen in a wafer cassette during use. 

592. A method for determining at least one property of a specimen, comprising: 

30 processing the specimen wifli one or more steps of a lithography process in a lithography track; 

generating one or more output signals responsive to the at least one property of the specimen with a 
spectroscopic elHpsometer, wherein the spectroscopic ellipsometer is coupled to the lithography track; and 
processing the one or more output signals to determine the at least one property of the specimen. 

35 593. ' A corii^ter-in^leniented mediod for controlling a system cozifigured to detennine at least 

a specimen during use, wherein the system comprises a spectroscopic ellipsometer, the method comprising: 

controlling die spectroscopic ellipsometer to generate one or more output signals responsive to the at least 
one property of the specimen, wherein the spectroscopic ellipsometer is coupled to a lidiography track, and 
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wherein the lithography track is configured to perform one or more steps of a lithography process on Ihe 
specim^ during use; and 

processing the one or more output signals to determine the at least one property of Ae specimen. * 



S 594. A seiriicoiiductor device fabricated by a method, the method comprismg: 

processing the specimen wi& one or more steps of a lithography process in a lithography track to form a 
patterned resist on the specimen, wherein the pattemed resist can be used to form at least a portion of die 
semiconductor device; 

generating one or more output signals responsive to the at least one property of the specimen with a 
1 0 spectroscopic ellipsometer, wherein the spectroscopic ellipsometer is coupled to the lithography track; and 

processing the one or more output signals to determine the at least one property of the specimen. 

595. A method for febricating a semiconductor device, comprising: 

processing the specimen with one or more steps of a lithography process in a lithography track to form a 
1 S pattemed resist on the specimen, wherein the pattemed resist can be used to form at least a portion of die 

semiconductor device; 

generating one or more output signals responsive to the at least one property of the specimen with a 
spectroscopic ellqisometer, wherein the spectroscopic ellipsometer is coupled to the Uthography tracls; and 
processing die one or more output signals to determine the at least one property of the specimen. 

20 

596. A system configured to determine at least one property of a specimen during use, comprising: 

a lithography track configured to perform one or more steps of a lithography process on the specimen 
during use; 

a spectroscopic ellipsometer coupled to the lithography track, wherein the spectroscopic eU^someter is 
25 configured to generate one or more ou^ut signals responsive to the at least one property of the specimen 

during use; 

a local processor coupled to the spectroscopic ellipsometer, wherein the local processor is configured to at 
least partially process the one or more output signals during use; and 

a remote controller computer coupled to the local processor, wherein the remote controller computer is 
30 configured to receive die at least partially processed one or more output signals and to forther process the 

one or more output signals to determine the at least one property of the specimen during use. 



597. A method for determining at least one property of a specimen, comprising: 

performing one or more steps of a lithography process on die specimen in a lithography track; 
35 generating one or more ou^ut signals responsive to die at last one property of the specimen widi a 

spectroscopic ellipsometer, wherein the spectroscopic tlhpsometcr is coupled to the lithogr^y track; and 
processing the one or more output signals to determine the at least one property of the specimen, 
comprising: 
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at least partially processiog the one or more output signals using a local processor, wherein the 
local processor is coupled to the spectroscopic ellipsometer; 

sending the partially processed one or more output signals from the local processor to a remote 
controller con^ter; and 

5 further processing the partially processed one or more output signals using the remote controller 

con:q;>uter. 

598 . A system configured to determine at least two properties of a specimen during use, conqirising: 
a stage configured to support the specimen during use; 
10 a measurement device coupled to the stage, comprising: 

an illumination system configured to direct energy toward a surface of the specimen during use; 
and 

a detection system coupled to the illumination system and configured to detect energy 
propagating from the surface of the specimen during use, wherein the measurement device is 
1 5 configured to generate one or more output signals in response to the detected energy during use; 

and 

a processor coupled to the measurement device and configured to determine the at least two properties of 
the specimen from the one or more output signals during use. 

20 599. A method for determining at least two properties of a specimen, comprising: 

disposing the specimen upon a stage, wherein the stage is coupled to a measurement device^ and wherein 
the measurement device comprises an illumination system and a detection $>^tem; 
directing energy toward a sur&ce of the specimen using the illumination system; 
detecting energy propagating from the surface of the specimen using tiie detection systen^ 

25 generating one or more output signals responsive to I3ae detected enei^; and 

processing the one or more output signals to determine tiie at least two properties of the specimen. 

600. A computer-implemented method for controlling a system configured to determine at least two properties 
of a specimen during use, wherein the system con^rises a measurement device, comprising: 

30 controlling the measurement device, wherein the measurement device comprises an iHumioation system 

and a detection system, and wherein the measurement device is coupled to a stage, comprising: 
controUii^ the illumination system to duect energy toward a sur&ce of the specimen; 
controlling the detection system to detect energy propagating from the sur^ce of tiie specimen; 
and 

35 generating one or more output signab responsive to the detected energy; and 

processing the one or more output signals to determine the at least two properties of the spedmeiL 

601 . A semiconductor device fabricated by a method, the method comprising: 
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fonning a portion of the semiconductor device i^on a specimen; 

disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
the measurement device comprises an illumination system and a detection system; 
directing energy toward a sur&ce of the specimen using the illumination system; 
5 detecting energy propagating from the surface of the specimen using the detection system; 

generating one or more output signals responsive to the detected raergy; and 
processing the one or more output signals to determine ^e at least two properties of the portion of flie 
semiconductor device. 

A method for fabricating a semiconductor device, comprising: 
fomaing a portion of the semiconductor device upon a specimen; 

disposing the specimen upon a stage, wherein die stage is coupled to a measurement device, and wherein 
the measurement device con^rises an illumination system and a detection system; 
directing energy toward a surface of the specimen using the illumination system; 
detecting energy propagating firom the surface of the specimen using the detection system; 
generating one or more output signals responsive to the detected energy; and 
processing die one or more output signals to detemnne Ihe at least two properies of the portion of the 
semiconductor device. 

A system configured to determine at least two properties of a specimen during use, comprising: 
a stage configured to support the specimen during use; 
a measurement device coupled to the stage, comprising: 

an illumination system configured to direct energy toward a surface of the specimen during use; 
and 

a detection system coupled to the illumination system and configured to detect energy 
propagating from the surface of the specimen during use, wherein &e measurem^t device is 
configured to generate one or more output signals m response to the detected enei:gy during use; 
a local processor coiQ)led to the measurement device and configured to at least partially process die one or 
more output signals during \ise; and 

a remote controller computer coupled to the local processor, wherein the remote controller computer is 
configured to receive the at least partially processed one or more output signals and to determine the at 
least two properties of the specimen from the at least partially processed one or more output signals during 
use. 

35 604. A method for determinmg at least two properties of a spechnen, conqmsing: 

disposmg the specimen upon a stage, wherem ^e stage is coupled to a measurement device, and wherein 
the measurement device comprises an ilhunination system and a detection system; 
directing energy toward a surface of the specimen using die illummation system; 
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detecting energy propagating from the surface of the specimen using the detection system; 
generating one or more output signals in response to &e detected energy; and 

processing the one or more ou^ut signals to detennine the at least two properties of the specimen, wherein 
processing the one or more output signals comprises: 
5 at least partially processixig the one or more output signals using a local processor, wheiein &e 

local processor is coi^led to the measurement device; 

sending the partially processed one or more ou^mt signals from the local processor to a remote 
controller computer; and 

further processing the partially processed one or more ou^ut signals using the remote controller 
10 conq)Uter. 

605. A system configured to detennine at least one property of a specimen during use, comprising: 
a process tool configured to process the specimen during use; 

a measurement device coi^led to the process tool, comprising: 
IS an illumination syst^ configured to direct energy toward the sur&ce of the specimen during use; 

and 

a detection system coupled to the illumination system and configured to detect energy 
propagating from the sur&ce of the specimen during use, wherein &e measurement device is 
configured to generate one or more output signals in response to liie detected en^gy durmg use; 
20 and 

a processor coupled to the measurement device and configured to determine the at least one property of 
the specimen from the one or more output signals during use. 

606. A method for determining at least one property of a specimen, comprising: 
25 processing the specimen in a process tool; 

directing ^ergy toward a surfiice of the specimen using an illumination system; 
detecting energy propagating from the surface of the specimen using a detection system, wherein 
illumination system and the detection system comprises a measurement device, and wherein the 
measurement device is coupled to the process tool; 
30 generating one or more output signals responsive to the detected energy; and 

processing the one or more output signals to detennine the at least one property of the specimen. 

607. A computer-implemented method for controlling a system configured to determine at least one property of 
a specimen during use, wherein the system co]iq)rises a measurement device coupled to a process tool, and wherein 

35 the process tool is configured to process die specimen during use, tiie method conq>rising: 

controlling the measurement device, wherein tiie measurement device comprises an illumination system 
and a detection system, con^rising: 

controlling the illumination system to direct energy toward a surfiice of the specimen during use; 
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controlling &e detection system to detect energy propagating from tiie surface of Hie specimen 
during use; and 

generating one or more output signals responsive to the detected energy; and 
processing the one or more output signals to determine ttie at least one property of die spedxnea 

5 

608. A semiconductor device &bricated by a me&od, the method conqmsing: 

processing a specimen in a process tool to perform at least a step of a process on the specimen; 
directing energy toward a surfece of the specmien using an illumination system; 
detecting eneiigy propagating from the surface of the specimen using a detection system, wherein 
1 0 illumination system and the detection system comprises a measurement device, and wherein the 

measurement device is coupled to the process tool; 
generating one or more output signals responsive to the detected energy; and 
processing tiie one or more output signals to determine at least the one property of the specimen. 

IS 609. A method for fabricating a semiconductor device, comprising: 

processing a specimen in a process tool to perform at least a step of a process on the specimen; 
directing energy toward a surface of the specimen usmg an illumination system; 
detecting energy propagating from the surface of the specimen using a detection system, wherein 
illumination system and the detection system comprises a measurraient device, and wherein the 

20 measurement device is coupled to the process tool; 

generating one or more output signals responsive to the detected energy; and 

processmg die one or more output signals to determine at least the one property of the specimen. 

610. A system conligured to determine at least one property of a specimen during use, coiiq>rlsmg: 
25 a process tool configured to process the specunen during use; 

a measurement device coupled to the process tool, comprising: 

an illummation system configured to dh:ect energy toward the surface of the specimen during use; 
and 

a detection system coupled to the illumination system and configured to detect energy 
3 0 propagating fcom the surface of the specimen during use, wherein the measurement device is 

configured to generate one or more output signals in response to the detected energy during use; 
and 

a local processor coupled to the measurement device and configured to at least partially process the one or 
more output signals during use; and 
35 a remote controller computer coupled to the local processor, wherein the remote controller computei is 

configured to receive the at least partially processed one or more output signals and to determine the at 
least one property of the specimen fiom the at least partially processed one or more ou^ut signals. 
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61 1 , A method for determimng at least one property of a specimen, comprising: 
processing the specimen in a process too^ 

directing energy toward a sui&ce of &e specimen using an illumination system; 
detecting energy propagating &om the sui&ce of ike specimen using a detection system, wherein die 
5 illumination system and dze detection system coszprises a measurement device, and whsrein tiie 

measurment device is coupled to ^ process tool; 
generating one or more output signals responsive to the detected energy; and 
processing the one or more output signals to determine at least the one property of the specimen, 
comprising: 

10 at least partially processing the one or more output signals using a local processor, wherein the 

local processor is coupled to the measurement device; 

sending the partially processed one or more output signals from the local processor to a remote 
controller conq)uter, and 

further processing the partially processed one or more output signals using die remote controller 
IS computer. 



612. A system configured to determine at least two prop^es of a specimen during use, conqnrismg: 
two or more measurement devices, wherein the two or more measurement devices are configured to 
generate one or more output signals responsive to one or more of the at least two properties of the 

20 specimen during use; and 

a processor coupled to the two or more measurement devices, wherein the processor is configured to 
determine the at least two properties of the specimen fiom the one or more output signals during use. 

613. A method for determining at least two properties of a specimen, comprising: 

25 generating one or more output signals with two or more measurement devices, wherein flie one or more 

ou^ut signals are xespoDsive to one or more of the at least two properties of the specimen; and 
processing the one or more output signals to determine the at least two properties of the specimen. 



614. A computer-implemented method for controlliog a system configured to determine at least two properties 
30 of a specimen during use, wherein the system comprises two or more measurement devices, cong)rising: 

controlling the two or more measurement devices to generate one or more output signals responsive to one 
or more of the at least two properties of the specimen; and 

processing die one or more output signals to detennme the at least two properties of the specimea 



35 615. A semiconductor device fabricated by a method, the method conqnising: 
forming a portion of the senodconductor device upon a specimen; 

generating one or more output signals with two or more measurement devices, wherein the one or more 
output signals are responsive to one or more of at least two properties of the specimen; and 
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processing the one or more output signals to detennme &e at least two properties of the specimeit 



616. A mediod for fabricating a semicondactor device, comprising: 
forming a portion of the semiconductor device iqion a specimen; 
5 generating one or more output signals with two or more measurement devices, wherein die one or more 

output signals are responsive to one or more of at least two properties of the specimen; and 
processing &e one or more output signals to determine the at least two properties of the specimen. 

A system configured to determine at least two properties of a specimen during use, conq)rising: 
two or more measurement devices, wherein the two or more measurement devices are configured to 
generate one or more ou^ut signals responsive to one or more of the at least two properties offbc 
specimen; 

a local processor coupled to the two or more measurement devices, wherein Hxc local processor is 
configured to at least partially process die one or more output signals during use; and 
a remote controller computer coupled to the local processor, wherein the remote controller conqputer is 
configured to receive the at least partially processed one or more output signals during use and to 
determine the at least two properties of the specimen during use. 

618. A method for determining at least two properties of a specimen, comprising: 

20 generating one or more output signals with two or more measurement devices, whereia the one or more 

output signals are responsive to one or more of the at least two properties of the specimen; and 
processing the one or more output signals to determine the at least two properties of the specimen, wherein 
processing the one or more output signals comprises: 

at least partially processing the one or more output signals using a local processor, wherein the 
25 local processor is coupled to the two or more measurement devices; 

sending the partially processed one or more output signals from the local processor to a remote 
controller con^uter; and 

further processing the partially processed one or more output signals using the remote controller 
compute. 

30 

619. A system configured to determine at least one property of a spechnen during use, con^)rising: 

a lithography track configured to perform one or more steps of a lithography process on the specimen 
duriag use; 

a measurement device coupled to the lithogc^hy track, wherein the measurement device is configured to 
35 generate one or more output signals responsive to the at least one property of the spedmen during use; and 

a processor coupled to the measurement device, wherem the processor is configured to determine the at 
least one property of the specimen from the one or more output signals during use. 

241 
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620. A method for detemming at least one property of a specimen, compiismg: 

processing the specimen with one or more steps of a lithography process in a lithography track; 
generating one or more output signals responsive to the at least one property of die specimen with a 
measurement device, wherein the measurement device is coupled to the litiiogrq}hy track; and 
5 processing the one or more output signals to detetmitte &e at least one property of the specimen. 

621 . A comrputtf-inoplemented method for controlling a system configured to determine at least one property of 
a specimen during use, wherein tiie system comprises a measurement device, the method con^rising: 

controlling the measurement device to generate one or more output signals responsive to the at least one 
10 property of the specimen, wherein the measurement device is coupled to a lithography track, and wherein 

the lithography track is configured to perform one or more steps of a lithography process on the specimen 
during use; and 

processing the one or more output signals to determine the at least one property of the specimen. 

1 S 622. A semiconductor device fabricated by a method, the mediod coniprismg: 

processmg the spedmen with one or more steps of a lithography process m a lithography track to form a 
patterned resist on the specunen, wherein the patterned resist can be used to form at least a portion of the 

semiconductor device; 

generating one or more output signals responsive to the at least one property of the specimen with a 
20 measurement device, wherein the measurement device is coupled to the lithography track; and 

processing the one or more output signals to determine the at least one property of the specimen. 

623. A method for fabricating a semiconductor device, cornprising: 

processing the specimen widi one or more steps of a lithography process in a lidiography track to form a 
25 patterned resist on the specimen, wherein the patterned resist can be used to form at least a portion of die 

semiconductor device; 

generating one or more output signals responsive to die at least one property of the specimen with a 
measurement device, wherein the measurement device is coupled to the lithography track; and 
. processing the one or more output signals to determine the at least one property of the specimen. 

30 

624. A system configured to determine at least one property of a specimen during use, comprising: 

a lithography track configured to perform one or more steps of a lithograph.y process on the specunen 
during use; 

a measurement device coupled to die lithography track, wherem the measurement device is configured to 
35 generate one or more output signals responsive to die at least one property of the specimen during use; 

a local processor coupled to the measurement device, wherein the local processor is configured to at least 
partially process die one or more output signals during use; and 
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a remote controller computer coupled to the local processor, wherein the remote controller computer is 
configured to receive the at least partially processed one or more output signals and to further process the 
one or more output signals to determine the at least one property of the specimen during use. 

625. A method for detennining at least one property of a specimen, co^^)r^sing: 

perfoiming one or more steps of a liChography process on the specimen in a li&ography track; 
genoraling one or more ou^ut signals responsive to &e at least one prop^ of the specimen with a 
measurement device, wherein the measurement device is coi^Ied to the lithography track; and 
processing the one or more output signals to determine die at least one property of the specimen, 
con^rising: 

at least partially processing the one or more output signals using a local processor, wherein the 
local processor is coupled to the measurement device; 

sending the partially processed one or more output signals from the local processor to a remote 
controller computer; and 

further processing the partially processed one or more output signals using the remote controller 
con^uter. 
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